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1. 

SECONDARY BATTERY CONTAININGA 
NONAQUEOUSELECTROLYTE WITH A 

SULFONCANHYDRDE AND ANAROMATIC 
COMPOUND 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

The present application claims priority to Japanese Priority 
Patent Application.JP 2009-018095 filed in the Japan Patent 
Office on Jan. 29, 2009, the entire contents of which is hereby 
incorporated by reference. 

BACKGROUND 

The present invention relates to a nonaqueous electrolyte 
secondary battery. 

In recent years, portable electronic appliances Such as a 
camera-integrated VTR (videotape recorder), a mobile phone 
and a laptop personal computer have widely diffused, and it is 
strongly demanded to reduce their size and weight and to 
achieve their long life. Following this, batteries, in particular, 
light-weight secondary batteries capable of providing a high 
energy density have been developed as a power Source. 
Above all, a secondary battery utilizing intercalation and 

deintercalation of lithium (Li) for a charge and discharge 
reaction (so-called “lithium ion secondary battery’) is greatly 
expected because it is able to provide a higher energy density 
than a lead battery or a nickel-cadmium battery. Such a 
lithium ion secondary battery is provided with an electrolytic 
Solution as well as a positive electrode and a negative elec 
trode. 

In order to enhance various performances of a nonaqueous 
electrolyte secondary battery, the development has been 
advanced extensively and intensively. 

For example, it is reported in JP-A-2002-8718 and JP-A- 
2004-22336 that high-temperature characteristics and a cycle 
characteristics are improved by adding a Sulfonic anhydride. 

In JP-A-2002-8718, the battery life is studied in a system in 
which hydrogen fluoride is formed by the addition of water to 
an electrolytic solution containing a Sulfonic anhydride. 

Also, a lithium compound capable of generating a lithium 
ion is in general added to this electrolytic solution of a lithium 
ion secondary battery. Typical examples of the lithium com 
pound include lithium hexafluorophosphate (LiPF). How 
ever, many of Such lithium compounds inclusive of lithium 
hexafluorophosphate react with water to form a fluorine ion 
(F) (see, for example, JP-A-2002-216741). Then, it is said 
that the fluorine ion formed upon the reaction with water 
deteriorates the battery, thereby causing shortening of the 
battery life (see, for example, JP-A-2002-198088). JP-A- 
2002-198088 discloses that water is removed by disposing a 
carrier containing a scavenger Substance capable of removing 
water within a system of the lithium secondary battery and 
releasing the scavenger Substance from the carrier under a 
previously set up condition. 

However, it has been noted that an acid anhydride contain 
ing a Sulfonic group is instable and easily decomposable so 
that in existing electrolytic solutions, capabilities thereof are 
not sufficiently revealed. That is, in batteries of a system using 
a Sulfonic anhydride, a further improvement in high-temper 
ate storage properties is desired. 

SUMMARY 

It is desirable to provide a battery having improved high 
temperature storage properties. 
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2 
Embodiments according to the present invention are as 

follows. 

(1) A battery including a positive electrode, a negative 
electrode, a nonaqueous electrolyte and a separator, wherein 
the nonaqueous electrolyte contains at least one Sulfonic 
anhydride selected from the group consisting of compounds 
represented by the following chemical formulae (1) to (4) and 
an aromatic compound represented by the following chemi 
cal formula (5). 

Chemical Formula (1) 
R1 

O 2 O 

In the chemical formula (1), R1 represents CH2-X, X 
represents a halogen: m represents an integer of 2 or more and 
not more than 4; and n represents an integer of 0 or more and 
not more than 2m. 

Chemical Formula (2) 
R4 R5 

R3 R6 

'ss S 20 
o?N-so 

In the chemical formula (2), each of R3 to R6 indepen 
dently represents hydrogen, an alkyl group, a halogenated 
alkyl group or a halogen group; and R3 to R6 may be taken 
together to form a ring. 

Chemical Formula (3) 

In the chemical formula (3), R2 represents CH2-X: X 
represents a halogen; represents an integer of 2 or more and 
not more than 4; and k represents an integer of 0 or more and 
not more than 2. 

Chemical Formula (4) 
R8 R9 

R7 R1O 

'ss O 2 o? No, 

In the chemical formula (4), each of R7 to R10 indepen 
dently represents hydrogen, an alkyl group, a halogenated 
alkyl group or a halogen group; and R7 to R10 may be taken 
together to form a ring. 
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Chemical Formula (5) 
R31 

R36 R32 

R35 R33 

R34 

In the chemical formula (5), each of R31 to R36 indepen 
dently represents hydrogen, a halogen group, an aliphatic 
alkyl group, an alicyclic alkyl group, a phenyl group or an 
alkoxyl group; a part or all of hydrogens may be substituted 
with a halogen; and R31 to R36 may be taken togetherto form 
a ring. 

(2) A nonaqueous electrolyte containing at least one Sul 
fonic anhydride selected from the group consisting of com 
pounds represented by the chemical formulae (1) to (4) and an 
aromatic compound represented by the chemical formula (5) 
as set forth above in (1). 

According to the embodiments of the present application, 
in view of the fact that the nonaqueous electrolyte contains a 
sulfonic anhydride having a specified structure and an aro 
matic compound having a specified structure, decomposition 
of an electrolytic solution at a high temperature can be Sup 
pressed, and high-temperature storage characteristics can be 
improved. 

Additional features and advantages are described herein, 
and will be apparent from the following Detailed Description 
and the figures. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a sectional view showing a configuration of a first 
secondary battery using an electrolytic solution according to 
an embodiment of the present application. 

FIG. 2 is a sectional view showing enlargedly a part of a 
wound electrode body in the first secondary battery shown in 
FIG.1. 

FIG. 3 is a sectional view showing enlargedly a configura 
tion of a negative electrode shown in FIG. 2. 

FIG. 4 is a sectional view showing a configuration of a 
negative electrode of the Referential Examples. 
FIGS.5A and 5B are an SEM photograph showing a sec 

tional structure of the negative electrode shown in FIG. 2 and 
a schematic view thereof, respectively. 

FIGS. 6A and 6B are an SEM photograph showing other 
sectional structure of the negative electrode shown in FIG. 2 
and a schematic view thereof, respectively. 

FIG. 7 is an exploded perspective view showing a configu 
ration of a third secondary battery using an electrolytic solu 
tion according to an embodiment of the present application. 

FIG. 8 is a sectional view showing a configuration along a 
VIII-VIII line of a wound electrode body in the third second 
ary battery shown in FIG. 7. 

FIG.9 is a partially enlarged view of FIG. 8. 
FIG. 10 is a sectional view showing a configuration of a 

fourth secondary battery using an electrolytic solution 
according to an embodiment of the present application. 

DETAILED DESCRIPTION 

A nonaqueous electrolyte according to an embodiment of 
the present application is hereunder described. Of nonaque 
ous electrolytes, one in a liquid form is called an electrolytic 
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4 
solution, and one in a gel form is called an electrolyte. The 
“nonaqueous electrolyte' as referred to herein means a 
medium with ionic conductivity containing various additives 
inclusive of a solvent, an electrolyte salt, a polymer com 
pound and the sulfonic anhydride and the aromatic compound 
according to an embodiment of the present application and 
intervening between an electrode and a separator. 

Next, the sulfonic anhydride which is used in embodiments 
according to the present invention is described below. 
The nonaqueous electrolyte contains at least one sulfonic 

anhydride selected from the group consisting of compounds 
represented by the foregoing chemical formulae (1) to (4). 
That is, the nonaqueous electrolyte may be one containing 
only a compound represented by any one of the chemical 
formulae (1) to (4), or may be one containing a combination 
of two or more kinds of the foregoing four types of com 
pounds. Furthermore, in each case, one or more kinds interms 
of a general formula of the same type can be used, too. The 
compound represented by the chemical formula (1) is also 
referred to as “sulfonic anhydride (1)'. The same is also 
applicable to each of the compounds represented by the 
chemical formulae (2) to (4). Also, when it is meant that the 
compounds represented by the chemical formulae (1) to (4) 
are included, the instant compound is also referred to simply 
as “sulfonic anhydride”. The content of the sulfonic anhy 
dride in the nonaqueous electrolyte is from 0.01 to 5% by 
mass, and preferably from 0.1 to 1% by mass. This is because 
when the content of the sulfonic anhydride exceeds 5% by 
mass, the positive electrode film is so thick that the film 
resistance becomes excessively large, whereas when it is less 
than 0.01% by mass, the effects according to the embodi 
ments of the present application cannot be expected. 
The sulfonic anhydride (1) is hereunder described. 
In the foregoing chemical formula (1). R1 represents 
CHX: m represents an integer of from 2 to 4, and 
preferably an integer of from 2 to 3; and n represents an 
integer of 0.2m, and preferably an integer of from 4 to 6. m. 
represents the number of carbon atoms used for constituting 
the ring. X represents a halogen, and preferably fluorine or 
chlorine. 

Specific examples of the sulfonic anhydride (1) are given 
below, but it should not be construed that the present inven 
tion is limited thereto. 

Chemical Formula (6) 

S S 
No1 

r 
O 

(1) 
O 

> 
O 

O O 
(2) 

O 

Sl n 
O 

$3 1. O O 
(3) 

(4) 
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-continued 
(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

CF 

"Sl ls 21 No1 no 

Of these, Compounds (1) and (2) are preferable, with Com 
pound (2) being more preferable. 
The sulfonic anhydride (2) is hereunder described. 
In the foregoing chemical formula (2), each of R3 to R6 

independently represents hydrogen, an alkyl group, a haloge 
nated alkyl group or a halogen group; and R3 to R6 may be 
taken together to form a ring. 

The alkyl group is preferably an alkyl group having from 1 
to 18 carbon atoms, and more preferably an alkyl group 
having from 1 to 6 carbon atoms. 

The halogenated alkyl group is preferably one in which a 
halogen is substituted on the foregoing alkyl group. 

The halogen group represented by R3 to R6 is preferably 
chlorine or fluorine. 

Specific examples of the sulfonic anhydride (2) are given 
below, but it should not be construed that the present appli 
cation is limited thereto. 

(1) 
Chemical Formula (7) 
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6 
-continued 

(2) 
F 

's S 2O 
21 No1 so 

(3) 
F F 

's S 2O 
ca NY No 

(4) 

F 

's S a" o?"NY"so 

Of these, Compound (1) is preferable. 
The sulfonic anhydride (3) is hereunder described. 
In the foregoing chemical formula (3), R2 represents 

C.H. Zij represents an integer of from 2 to 4, and prefer 
ably an integer of from 2 to 3; and k represents an integer of 
from 0 to 2, and preferably an integer of from 4 to 6. Z 
represents a halogen, and preferably fluorine or chlorine. 

Specific examples of the sulfonic anhydride (3) are given 
below, but it should not be construed that the present appli 
cation is limited thereto. 

Chemical Formula (8) 

(1) 

(2) 

On 
21 O O 

(3) 

21 No O 
(4) 

HC 

>> o? No, O 
(5) 

HC CH 

> o? No, O 
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-continued 
(6) 

(7) 

(8) 

(9) 

(10) 

Of these, Compounds (1) and (2) are preferable. 
The sulfonic anhydride (4) is hereunder described. 
In the foregoing chemical formula (4), each of R7 to R10 

independently represents hydrogen, an alkyl group, a haloge 
nated alkyl group or a halogen group; and R7 to R10 may be 
taken together to form a ring. 
As to the alkyl group, halogenated alkyl group and halogen 

group, the same groups as those in the Sulfonic anhydride (2) 
are preferable. 

Specific examples of the Sulfonic anhydride (4) are given 
below, but it should not be construed that the present appli 
cation is limited thereto. 

(1) 
Chemical Formula (9) 

's 
o?"No O 

(2) 
F 

's 
o? No, O 
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8 
-continued 

(3) 
F F 

's 
2 Yo O 

(4) 

F 

's 
ca Yo O 

Of these, Compound (1) is preferable. 
As the sulfonic anhydride which is used in embodiments 

according to the present invention, the Sulfonic anhydride (1) 
or (3) is preferable, with the sulfonic anhydride (1) being 
more preferable. This is because the effects according to the 
embodiment of the present application are more effectively 
revealed. 

Next, the aromatic compound represented by the foregoing 
chemical formula (5) is described below. 

In the chemical formula (5), each of R31 to R36 indepen 
dently represents hydrogen, a halogen group, an aliphatic 
alkyl group, an alicyclic alkyl group, a phenyl group or an 
alkoxyl group; a part or all of hydrogens may be substituted 
with a halogen; and R31 to R36 may be taken together to form 
a ring. 
The halogen group is preferably chlorine or fluorine. The 

aliphatic alkyl group is preferably a linear or branched ali 
phatic alkyl group having from 1 to 18 carbon atoms; the 
alicyclic alkyl group is preferably a saturated or unsaturated 
alicyclic alkyl group having from 3 to 18 carbon atoms; and 
the alkoxyl group is preferably an alkoxyl group in which the 
alkyl moiety thereof is the foregoing alkyl group. In the 
aliphatic alkyl group, alicyclic alkyl group, phenyl group or 
alkoxyl group, a part or all of hydrogens may be substituted 
with a halogen. The halogen which can be substituted is 
preferably chlorine or fluorine. Also, R31 to R36 may be 
taken together to form a ring. 
The aromatic compound is preferably a compound repre 

sented by the following chemical formula (10). 

Chemical Formula (10) 
R41 

In the chemical formula (10), R41 represents an aliphatic 
alkyl group, an alicyclic alkyl group or a phenyl group; and a 
part or all of hydrogens may be substituted with a halogen. 
The aliphatic alkyl group is preferably a linear or branched 
aliphatic alkyl group having from 1 to 18 carbon atoms; and 
the alicyclic alkyl group is preferably a cyclohexyl group, a 
norbornenegroup oranadamantyl group. Each of R42 to R46 
independently represents hydrogen or a halogen group; and 
the halogen group is preferably chlorine or fluorine. 
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The compound represented by the chemical formula (10) is 
preferably cyclohexylbenzene, tert-butylbenzene or tert-pen 
tylbenzene. 

Also, the aromatic compound is preferably a compound 
represented by the following chemical formula (11). 5 

Chemical Formula (11) 

R52 R56 
10 

R54 
15 

In the chemical formula (11), R51 represents an aliphatic 
alkyl group, an alicyclic alkyl group or a phenyl group; and a 
part or all of hydrogens may be substituted with a halogen. 
The aliphatic alkyl group is preferably a linear or branched 
aliphatic alkyl group having from 1 to 6 carbon atoms; and a 
part or all of hydrogens may be substituted with a halogen. 
The alicyclic alkyl group is preferably a cyclohexyl group, a 
norbornenegroup oranadamantyl group. Each of R52 to R56 
independently represents hydrogen or a halogen group; and 25 
the halogen group is preferably chlorine or fluorine. 

The aromatic compound represented by the foregoing 
chemical formula (11) is preferably an anisole in which one or 
more hydrogens are fluorinated. 
The content of the aromatic compound is preferably from 30 

0.01 to 10% by mass, and more preferably from 0.1 to 5% by 
mass relative to the nonaqueous electrolyte. This is because 
when the content of the aromatic compound falls within this 
range, the effects according to the embodiments of the present 
application can be revealed. 35 

In embodiments according to the present invention, it is 
desirable to control the content of water contained in the 
nonaqueous electrolyte to not more than 100 ppm, preferably 
not more than 20 ppm, and more preferably not more than 10 
ppm. In the embodiments according to the present invention, 40 
the content of water is ideally 0. This is because when the 
content of water falls within this range, the effects according 
to the embodiments of the present application can be 
revealed. Though a technique for controlling the content of 
water is not particularly limited, examples thereof include a 45 
treatment of bringing the nonaqueous electrolyte into direct 
contact with a dehydrating agent. Though the dehydrating 
agent is not particularly limited So far as it is able to adsorb 
water thereon, examples thereof include Molecular Sieves (a 
trade name). The content of water in the nonaqueous electro- 50 
lyte can be controlled by regulating the kind (includingapore 
size, a material, etc.) of the dehydrating agent, the treatment 
time and so on. 

In the embodiments according to the present application, 
the content of water means a value as measured by a Karl- 55 
Fischer aquacounter (manufactured by Hiranuma Sangyo 
Co., Ltd.) during using a nonaqueous electrode in a battery 
manufacturing process. 
The solvent which is contained in the nonaqueous electro 

lyte is described below. 60 
Examples of the solvent which can be used include ethyl 

ene carbonate (EC), propylene carbonate (PC), butylene car 
bonate, dimethyl carbonate, diethyl carbonate, ethylmethyl 
carbonate, methylpropyl carbonate, Y-butyrolactone, Y-Vale 
rolactone, 1,2-dimethoxyethane, tetrahydrofuran, 2-meth- 65 
yltetrahydrofuran, tetrahydropyran, 1.3-dioxolane, 4-me 
thyl-1,3-dioxolane, 1,3-dioxane, 1,4-dioxane, methyl 

10 
acetate, ethyl acetate, methyl propionate, ethyl propionate, 
methylbutyrate, methyl isobutyrate, methyl trimethylacetate, 
ethyl trimethylacetate, acetonitrile, glutanitrile, adiponitirile, 
methoxyacetonitrile, 3-methoxypropionitrile, N,N-dimeth 
ylformamide, N-methylpyrrolidinone, N-methyloxazolidi 
none, N,N'-dimethylimidazolidinone, nitromethane, nitroet 
hane, sulfolane, trimethyl phosphate and dimethyl sulfoxide. 
This is because in electrochemical devices provided with a 
nonaqueous electrolyte. Such as batteries, excellent capacity, 
cycle characteristics and storage characteristics are obtain 
able. These solvents may be used singly or in admixture of 
plural kinds thereof. 
Above all, it is preferable to use at least one member 

selected from the group consisting of ethylene carbonate, 
propylene carbonate, dimethyl carbonate, diethyl carbonate 
and ethylmethyl carbonate as the solvent. This is because 
sufficient effects are obtainable. In that case, it is especially 
preferable to use a mixture containing ethylene carbonate or 
propylene carbonate which is a solvent with a high viscosity 
(high dielectric constant) (for example, relative dielectric 
constant es50) with dimethylcarbonate, diethyl carbonate or 
ethylmethyl carbonate which is a solvent with a low viscosity 
(for example, Viscosity s1 mPas). This is because higher 
effects are obtainable due to enhancements in dissociation 
properties of the electrolyte salt and mobility of the ion. 
The solvent preferably contains at least one member 

selected from the group consisting of unsaturated bond-con 
taining cyclic carbonates represented by the following chemi 
cal formulae (12) to (14). This is because the chemical sta 
bility of the nonaqueous electrolyte is more enhanced. 

Chemical Formula (12) 
R1 1 R12 

A 

NY 
O 

) 
O 

In the chemical formula (12), each of R11 and R12 repre 
sents a hydrogen group or an alkyl group. 

Chemical Formula (13) 
R14 R15 

n 1 C-C 
R1317 WNR16 

O O 
NY 
O 

In the chemical formula (13), each of R13 to R16 repre 
sents a hydrogen group, an alkyl group, a vinyl group or an 
allyl group, provided that at least one of R13 to R16 is a vinyl 
group or an allyl group. 

Chemical Formula (14) 

In the chemical formula (14), R17 represents an alkylene 
group. 
The unsaturated bond-containing cyclic carbonate repre 

sented by the foregoing chemical formula (12) is a vinylene 
carbonate based compound. Examples of this vinylene car 
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bonate based compound include vinylene carbonate (1,3- 
dioxol-2-one), methylvinylene carbonate (4-methyl-1,3-di 
oxol-2-one), ethylvinylene carbonate (4-ethyl-1,3-dioxol-2- 
one), 4,5-dimethyl-1,3-dioxol-2-one, 4,5-diethyl-1,3-dioxol 
2-one, 4-fluoro-1,3-dioxol-2-one and 4-trifluoromethyl-1,3- 
dioxol-2-one. These may be used singly or in admixture of 
plural kinds thereof. Of these, vinylene carbonate is prefer 
able. This is because not only this compound is easily avail 
able, but high effects are obtainable. 
The unsaturated bond-containing cyclic carbonate repre 

sented by the foregoing chemical formula (13) is a vinyleth 
ylene carbonate based compound. Examples of the vinyleth 
ylene carbonate based compound include vinylethylene 
carbonate (4-vinyl-1,3-dioxolan-2-one), 4-methyl-4-vinyl-1, 
3-dioxolan-2-one, 4-ethyl-4-vinyl-1,3-dioxolan-2-one, 4-n- 
propyl-4-vinyl-1,3-dioxolan-2-one, 5-methyl-4-vinyl-1,3- 
dioxolan-2-one, 4.4-divinyl-1,3-dioxolan-2-one or 4.5- 
divinyl-1,3-dioxolan-2-one. These may be used singly or in 
admixture of plural kinds thereof. Of these, vinylethylene 
carbonate is preferable. This is because not only this com 
pound is easily available, but high effects are obtainable. As a 
matter of course, all of R13 to R16 may be a vinyl group oran 
allyl group, or a vinyl group and an allyl group may coexist. 
The unsaturated bond-containing cyclic carbonate repre 

sented by the foregoing chemical formula (14) is a methylene 
ethylene carbonate based compound. Examples of the meth 
ylene ethylene carbonate based compound include 4-methyl 
ene-1,3-dioxolan-2-one, 4,4-dimethyl-5-methylene-1,3-di 
oxolan-2-one and 4.4-diethyle-5-methylene-1,3-dioxolan-2- 
one. These may be used singly or in admixture of plural kinds 
thereof. This methylene ethylene carbonate based compound 
may be a compound having one methylene group (corre 
sponding to the compound represented by the chemical for 
mula (14)) or may be a compound having two methylene 
groups. 
The unsaturated bond-containing cyclic carbonate may be 

a benzene ring-containing catechol carbonate or the like, in 
addition to those represented by the chemical formulae (12) 
to (14). 

Also, the solvent preferably contains at least one member 
selected from the group consisting of a chain carbonate hav 
ing a halogen as a constituent element, which is represented 
by the following chemical formula (15) and a cyclic carbon 
ate having a halogen as a constituent element, which is rep 
resented by the following chemical formula (16). This is 
because the chemical stability of the nonaqueous electrolyte 
is more enhanced. 

Chemical Formula (15) 
R24 

R21 O R26 

In the chemical formula (15), each of R21 to R26 repre 
sents a hydrogen group, a halogen group, an alkyl group or a 
halogenated alkyl group, provided that at least one of R21 to 
R26 is a halogen group or a halogenated alkyl group. 

Chemical Formula (16) 

Ross - R. 
R271, NR30 

O O 

Y 
O 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
In the chemical formula (16), each of R27 to R30 repre 

sents a hydrogen group, a halogen group, an alkyl group or a 
halogenated alkyl group, provided that at least one of R27 to 
R30 is a halogen group or a halogenated alkyl group. 

In the chemical formula (15), R21 to R26 may be the same 
as or different from each other. This is also the same as to R27 
to R30 in the chemical formula (16). Though the kind of the 
halogen is not particularly limited, examples thereof include 
at least one member selected from the group consisting of 
fluorine, chlorine and bromine, with fluorine being prefer 
able. This is because high effects are obtainable. As a matter 
of course, the halogen may be other halogen. 
The number of halogens is preferably 2 rather than 1, and 

it may be 3 or more. This is because when used for an elec 
trochemical device Such as secondary batteries, capabilities 
for forming a protective film on the electrode surface become 
high to form a firmer and more stable protective film, and 
therefore, a decomposition reaction of the nonaqueous elec 
trolyte is more Suppressed. 

Examples of the halogen-containing chain carbonate rep 
resented by the chemical formula (15) include fluoromethyl 
methyl carbonate, bis(fluoromethyl) carbonate and difluo 
romethyl methyl carbonate. These may be used singly or in 
admixture of plural kinds thereof. 

Examples of the halogen-containing cyclic carbonate rep 
resented by the chemical formula (16) include 4-fluoro-1,3- 
dioxolan-2-one, 4-chloro-1,3-dioxolan-2-one, 4.5-difluoro 
1,3-dioxolan-2-one, tetrafluoro-1,3-dioxolan-2-one, 
4-chloro-5-fluoro-1,3-dioxolan-2-one, 4,5-dichloro-1,3-di 
oxolan-2-one, tetrachloro-1,3-dioxolan-2-one, 4,5-bistrif 
luoromethyl-1,3-dioxolan-2-one, 4-trifluoromethyl-1,3-di 
oxolan-2-one, 4,5-difluoro-4,5-dimethyl-1,3-dioxolan-2- 
one, 4,4-difluoro-5-methyl-1,3-dioxolan-2-one, 4-ethyl-5.5- 
difluoro-1,3-dioxolan-2-one, 4-fluoro-5-trifluoromethyl-1, 
3-dioxolan-2-one, 4-methyl-5-trifluoromethyl-1,3-dioxolan 
2-one, 4-fluoro-4,5-dimethyl-1,3-dioxolan-2-one, 5-(1,1- 
difluoroethyl)-4,4-difluoro-1,3-dioxolan-2-one, 4,5- 
dichloro-4,5-dimethyl-1,3-dioxolan-2-one, 4-ethyl-5-fluoro 
1,3-dioxolan-2-one, 4-ethyl-4,5-difluoro-1,3-dioxolan-2- 
one, 4-ethyl-4,5,5-trifluoro-1,3-dioxolan-2-one and 4-fluoro 
4-methyl-1,3-dioxolan-2-one. These may be used singly or in 
admixture of plural kinds thereof. 
Of these, 4-fluoro-1,3-dixolan-2-one and 4,5-difluoro-1,3- 

dioxolan-2-one are preferable, with 4,5-difluoro-1,3-diox 
olan-2-one being more preferable. In particular, as to 4.5- 
difluoro-1,3-dioxolan-2-one, a trans isomer is more 
preferable to a cis isomer. This is because not only the trans 
isomer is easily available, but high effects are obtainable. 

Also, the solvent may contain a Sultone (a cyclic Sulfonate) 
or a carboxylic acid anhydride. This is because the chemical 
stability of the nonaqueous electrolyte is more enhanced. 

Examples of the Sultone include propane Sultone and pro 
pene Sultone. These may be used singly or in admixture of 
plural kinds thereof. Of these, propene sultone is preferable. 
Also, the content of the Sultone in the solvent is preferably 
0.5% by mass or more and not more than 3% by mass. This is 
because high effects are obtainable in all of the cases. 

Examples of the acid anhydride include carboxylic acid 
anhydrides such as Succinic anhydride, glutaric anhydride or 
maleic anhydride. Of these, succinic anhydride is preferable. 
These may be used singly or in admixture of plural kinds 
thereof. Also, the content of the acid anhydride in the solvent 
is preferably 0.5% by mass or more and not more than 3% by 
mass. This is because high effects are obtainable in all of the 
CaSCS. 

An intrinsic viscosity of the solvent is, for example, pref 
erably not more than 10.0 mPa's at 25°C. This is because 
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dissociation properties of the electrolyte salt and mobility of 
the ion can be ensured. An intrinsic viscosity in a state where 
the electrolyte salt is dissolved in the solvent (namely, an 
intrinsic viscosity of the electrolytic solution) is preferably 
not more than 10.0 mPa's at 25°C. for the same reasons. 
The electrolyte salt contains, for example, one or two or 

more kinds of a light metal salt Such as a lithium salt. 
Examples of this lithium salt include lithium hexafluorophos 
phate, lithium tetrafluoroborate, lithium perchlorate, lithium 
hexafluoroarsenate, lithium tetraphenylborate (LiB(CHS)), 
lithium methanesulfonate (LiCHSO), lithium trifluo 
romethanesulfonate (LiCFSO), lithium tetrachloroalumi 
nate (LiAlCl), dilithium hexafluorosilicate (LiSiF), 
lithium chloride (LiCl) and lithium bromide (LiBr). Of these, 
at least one member selected from the group consisting of 
lithium hexafluorophosphate, lithium tetrafluoroborate, 
lithium perchlorate and lithium hexafluoroarsenate is prefer 
able, with lithium hexafluorophosphate being more prefer 
able. This is because the resistance of the nonaqueous elec 
trolyte is lowered. It is especially preferable to use lithium 
tetrafluoroborate together with lithium hexafluorophosphate. 
This is because high effects are obtainable. 

This electrolyte salt preferably contains at least one mem 
ber selected from the group consisting of compounds repre 
sented by the following chemical formulae (17) to (19). This 
is because in the case where such a compound is used together 
with the foregoing lithium hexafluorophosphate or the like, 
higher effects are obtainable. In the chemical formula (17), 
each R33 may be the same as or different from every other 
R33. The same is also applicable to each of R41 to R43 in the 
chemical formula (18) and each of R51 and R52 in the chemi 
cal formula (19). 

Chemical Formula (17) 
in3 

O 

M31-R31 X31." 

c3 

In the chemical formula (17), X31 represents an element 
belonging to the Group 1 or an element belonging to the 
Group 2 in the long form of the periodic table or aluminum; 
M31 represents a transition metal element or an element 
belonging to the Group 13, an element belonging to the Group 
14 or an element belonging to the Group 15 in the long form 
of the periodic table; R31 represents a halogen group; Y31 
represents —OC R32-CO , —OC C(R33)- or 
—OC CO—, R32 represents an alkylene group, a haloge 
nated alkylene group, an arylene group or a halogenated 
arylene group; R33 represents an alkyl group, a halogenated 
alkyl group, an aryl group or a halogenated aryl group; a3 
represents an integer of from 1 to 4. b3 represents 0, 2 or 4: 
and each of c3, d3, m3 and n3 represents an integer of from 1 
to 3. 

Chemical Formula (18) 

O in4 
O O 
N 
M41 Y41 X41;" 
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14 
In the chemical formula (18), X41 represents an element 

belonging to the Group 1 or an element belonging to the 
Group 2 in the long form of the periodic table; M41 represents 
a transition metal element or an element belonging to the 
Group 13, an element belonging to the Group 14 or an ele 
ment belonging to the Group 15 in the long form of the 
periodic table; Y41 represents —OC—(C(R41))-CO—, 
—(R43)C (C(R42))-CO— —(R43)C (C(R42))- 
C(R43), —(R43)2C-(C(R42))-SO —OS—(C 
(R42))-SO - or —OC-(C(R42)) a-SO-, each of 
R41 and R43 represents a hydrogen group, an alkyl group, a 
halogen group or a halogenated alkyl group, provided that at 
least one of every R41 and every R43 is a halogen group or a 
halogenated alkyl group; R42 represents a hydrogen group, 
an alkyl group, a halogen group or a halogenated alkyl group; 
each of a4, e4 and na represents 1 or 2; each of b4 and d4 
represents an integer of from 1 to 4: c4 represents an integer 
of from 0 to 4; and each off4 and m4 represents an integer of 
from 1 to 3. 

Chemical Formula (19) 
inS 

In the chemical formula (19), X51 represents an element 
belonging to the Group 1 or an element belonging to the 
Group 2 in the long form of the periodic table; M51 represents 
a transition metal element or an element belonging to the 
Group 13, an element belonging to the Group 14 or an ele 
ment belonging to the Group 15 in the long form of the 
periodic table; Rf represents a fluorinated alkyl group or a 
fluorinated aryl group each having from 1 to 10 carbonatoms; 
Y51 represents —OC (C(R51))s-CO— —(R52)C (C 
(R51))s-CO— —(R52)C-(C(R51))s-C(R52).-, 
—(R52)2C-(C(R51))s-SO , —OS—(C(R51))s- 
SO or —OC (C(R51))s-SO. : R51 represents a 
hydrogen group, an alkyl group, a halogen group or a halo 
genated alkyl group; R52 represents a hydrogen group, an 
alkyl group, a halogen group or a halogenated alkyl group, 
provided that at least one of every R52 is halogen group or a 
halogenated alkyl group; each of a5, fö and n5 represents 1 or 
2; each of b5, c5 and e5 represents an integer of from 1 to 4: 
d5 represents an integer of from 0 to 4; and each of g5 and m3 
represents an integer of from 1 to 3. 
The element belonging to the Group 1 in the long form of 

the periodic table as referred to herein is hydrogen, lithium, 
Sodium, potassium, rubidium, cesium or francium. The ele 
ment belonging to the Group 2 in the long form of the periodic 
table as referred to herein is beryllium, magnesium, calcium, 
strontium, barium or radium. The element belonging to the 
Group 13 in the long form of the periodic table as referred to 
herein is boron, aluminum, gallium, indium or thallium. The 
element belonging to the Group 14 in the long form of the 
periodic table as referred to herein is carbon, silicon, germa 
nium, tin or lead. The element belonging to the Group 15 in 
the long form of the periodic table as referred to herein is 
nitrogen, phosphorus, arsenic, antimony or bismuth. 

Examples of the compound represented by the chemical 
formula (17) include compounds represented by (1) to (6) of 
the following chemical formula (20). Examples of the com 
pound represented by the chemical formula (18) include com 
pounds represented by (1) to (8) of the following chemical 
formula (21). Examples of the compound represented by the 
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chemical formula (19) include a compound represented by 
the following chemical formula (22). Of these, the compound 
represented by (6) of the chemical formula (20) is preferable. 
This is because high effects are obtainable. Needless to say, 
the compound is not limited to the compounds represented by 
the chemical formulae (20) to (22) so far as it is a compound 
having any one of the structures represented by the chemical 
formulae (17) to (19). 

Chemical Formula (20) 

(1) 
O O 

\ 1 F Lit 
B D /'NF 

O O 

(2) 
O O O O 

N/ Li" 
c/IY O F O 

(3) 

CF O 
M-F Lit CF B O N 

O 

(4) 

CF O O CF 

CF \/ CF Lif 
MN 

O O O O 

(5) 

O O F 

D \AF Li" N 
O c/ NF 

(6) 

O O O O 

\/ Li 
M M 

O O O O 

Chemical Formula (21) 
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-continued 
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Chemical Formula (22) 

O O - 

CF3N/ -- 
-B Li 

F Y 
O 

(6) 

-- 

(7) 

Li 

L 

Li" 

(8) 

Li 

Also, the electrolyte salt preferably contains at least one 
member selected from the group consisting of compounds 
represented by the following chemical formulae (23) to (25). 
This is because in the case where such a compound is used 
together with the foregoing lithium hexafluorophosphate or 
the like, higher effects are obtainable. In the chemical formula 
(23), m and n may be the same as or different from each other. 
The same is also applicable to p, q and r in the chemical 
formula (25). 

LiN(CF2SO2)(CF2SO2) Chemical Formula (23) 

In the chemical formula (23), each of mand n represents an 
integer of 1 or more. 

Chemical Formula (24) 
O O 

\/ 
R611 N- Li 
N/ 
/ \, 
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In the chemical formula (24), R61 represents a linear or 
branched perfluoroalkylene group having 2 or more and not 
more than 4 carbon atoms. 

(C.F2SO2) Chemical Formula (25) 

In the chemical formula (25), each of p, q and r represents 
an integer of 1 or more. 

Examples of the chain compound represented by the fore 
going chemical formula (23) include lithium bis(trifluo 
romethanesulfonyl)imide (LiN(CFSO)), lithium bis(pen 
tafluoroethanesulfonyl)imide (LiN(CFSO)), lithium 
(trifluoromethanesulfonyl)(pentafluoroethanesulfonyl)imide 
(LiN(CFSO) (CFSO)), lithium (trifluoromethanesulfo 
nyl)(heptafluoropropanesulfonyl)imide (LiN(CFSO) 
(CFSO)) and lithium (trifluoromethanesulfonyl)(non 
afluorobutanesulfonyl)imide (LiN(CFSO) (CFSO)). 
These may be used singly or in admixture of plural kinds 
thereof. Of these, lithium bis(trifluoromethanesulfonyl)imide 
is preferable. This is because high effects are obtainable. 

Examples of the cyclic compound represented by the fore 
going chemical formula (24) include a series of compounds 
represented by the following formula (26). That is, examples 
include lithium 1,2-perfluoroethanedisulfonylimide repre 
sented by (1) in the following chemical formula (26), lithium 
1,3-perfluoropropanedisulfonylimide represented by (2) in 
the following chemical formula (26), lithium 1,3-perfluo 
robutanedisulfonylimide represented by (3) in the following 
chemical formula (26) and lithium 1,4-perfluorobutanedisul 
fonylimide represented by (4) in the following chemical for 
mula (26). These may be used singly or in admixture of plural 
kinds thereof. Of these, lithium 1,3-perfluoropropanedisulfo 
nylimide is preferable. This is because high effects are obtain 
able. 

(1) 
Chemical Formula (26) 

(2) 

(3) 
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-continued (4) 

O O 
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N Li 
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Examples of the chain compound represented by the fore 
going chemical formula (25) include lithium tris(trifluo 
romethanesulfonyl)methide (LiC(CFSO)). The content of 
the electrolyte salt is preferably 0.3 moles/kg or more and not 
more than 3.0 moles/kg relative to the solvent. This is because 
when the content of the electrolyte salt falls outside this 
range, there is a possibility that the ionic conductivity is 
extremely lowered. 

Next, the use examples of the foregoing nonaqueous elec 
trolyte are described below. Here, when as a secondary bat 
tery, an example of the electrochemical device is made hereof 
by reference, the nonaqueous electrolyte is used in the fol 
lowing manner. 

(First Secondary Battery) 
Each of FIGS. 1 and 2 shows a sectional configuration of a 

first secondary battery, in which FIG. 2 shows enlargedly a 
part of a wound electrode body 20 in the secondary battery 
shown in FIG. 1. This battery is, for example, a lithium ion 
secondary battery in which the capacity of a negative elec 
trode is expressed on the basis of intercalation and deinterca 
lation of lithium as an electrode reactant. 

This secondary battery is one in which a wound electrode 
body 20 having a positive electrode 21 and a negative elec 
trode 22 wound therein via a separator 23 and a pair of 
insulating plates 12 and 13 are mainly housed in the inside of 
a battery can 11 in a substantially hollow column shape. The 
battery structure using this columnar battery can 11 is called 
a cylindrical type. 

For example, the battery can 11 has a hollow structure in 
which one end thereof is closed, with the other end being 
opened and is constituted of a metal material Such as iron or 
aluminum or an alloy thereof. In the case where the battery 
can 11 is constituted of iron, it may be plated with, for 
example, nickel, etc. The pair of insulating plates 12 and 13 is 
respectively disposed such that they interpose the wound 
electrode body 20 vertically therebetween and extend perpen 
dicular to the winding peripheral face thereof. 

In the open end of the battery can 11, a battery lid 14 is 
installed by caulking with a safety valve mechanism 15 and a 
positive temperature coefficient device (PTC device) 16 pro 
vided in the inside of this battery lid 14 via a gasket 17, and the 
inside of the battery can 11 is hermetically sealed. The battery 
lid 14 is constituted of, for example, a metal material the same 
as that in the battery can 11. The safety valve mechanism 15 
is electrically connected to the battery lid 14 via the positive 
temperature coefficient device 16. In the case where the pres 
sure in the inside of the battery reaches a fixed value or more 
due to an internal short circuit or heating from the outside or 
the like, a disc plate 15A is reversed, whereby electrical 
connection between the battery lid 14 and the wound elec 
trode body 20 is disconnected. The positive temperature coef 
ficient device 16 controls the current due to an increase of the 
resistance in response to an increase of the temperature, 
thereby preventing abnormal heat generation to be caused due 
to a large current. The gasket 17 is constituted of for example, 
an insulating material, and asphalt is coated on the Surface 
thereof. 
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A centerpin 24 may be inserted on the center of the wound 
electrode body 20. In the wound electrode body 20, a positive 
electrode lead 25 made of a metal material, for example, 
aluminum, etc. is connected to the positive electrode 21; and 
a negative electrode lead 26 made of a metal material, for 
example, nickel, etc. is connected to the negative electrode 
22. The positive electrode lead 25 is electrically connected to 
the battery lid 14 by means of welding with the safety valve 
mechanism 15; and the negative electrode lead 26 is electri 
cally connected to the battery can 11 by means of welding. 

For example, the positive electrode 21 is one in which a 
positive electrode active material layer 21B is provided on the 
both surfaces of a positive electrode collector 21A having a 
pair of surfaces opposing to each other. However, the positive 
electrode active material layer 21 B may be provided on only 
one surface of the positive electrode collector 21A. 
The positive electrode collector 21A is constituted of a 

metal material, for example, aluminum, nickel, stainless 
steel, etc. 
The positive electrode active material layer 21B contains, 

as a positive electrode active material, one or two or more 
positive electrode materials capable of intercalating and 
deintercalating lithium and may further contain other mate 
rials such as a binder and a conductive agent, if desired. 
As the positive electrode material capable of intercalating 

and deintercalating lithium, for example, a lithium-contain 
ing compound is preferable. This is because a high energy 
density is obtainable. Examples of this lithium-containing 
compound include a complex oxide containing lithium and a 
transition metal element and a phosphate compound contain 
ing lithium and a transition metal element. Of these, a com 
pound containing at least one of cobalt, nickel, manganese 
and iron is preferable as a transition metal element. This is 
because a higher Voltage is obtainable. A chemical formula 
thereof is represented by, for example, Li M1O, or 
LiM2PO4. In the formulae, each of M1 and M2 represents 
one or more kinds of a transition metal element; and values of 
X and y vary depending upon the charge and discharge State 
and are usually satisfied with the relationships of (0.05sxs10) 
and (0.05sys1.10). 

Examples of the complex oxide containing lithium and a 
transition metal element include a lithium cobalt complex 
oxide (LiCoO), a lithium nickel complex oxide (LiNiO), 
a lithium nickel cobalt complex oxide (LiNiCoO (Z-1)), 
a lithium nickel cobalt manganese complex oxide (Li 
NiCo, MnO, ((V+w)<1)), a lithium manganese com 
plex oxide having a spinel type structure (LiMnO) and a 
lithium manganese nickel complex oxide (LiMn 
NiO (t-2)). Of these, cobalt-containing complex oxides are 
preferable. This is because not only a high capacity is obtain 
able, but excellent cycle characteristics are obtainable. Also, 
examples of the phosphate compound containing lithium and 
a transition metal element include a lithium iron phosphate 
compound (LiFePO) and a lithium iron manganese phos 
phate compound (LiFe MnPO (u-1)). 

Moreover, in view of the fact that higher electrode filling 
properties and cycle characteristic are obtainable, a complex 
particle obtained by coating the Surface of a core particle 
composed of any one of lithium-containing compounds rep 
resented by the following general formulae (1) to (5) by a fine 
particle composed of any one of other lithium-containing 
compounds is also useful. 

(1) 

In the general formula (1), M1 represents at least one 
member selected from the group consisting of nickel (Ni). 
manganese (Mn), magnesium (Mg), aluminum (Al), boron 
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(B), titanium (Ti), vanadium (V), chromium (Cr), iron (Fe), 
copper (Cu), Zinc (Zn), molybdenum (Mo), tin (Sn), calcium 
(Ca), strontium (Sr) and tungsten (W); and values of f, g, h 
and j are satisfied with the relationships of (0.8sfs 1.2). 
(Osg:0.5), (-0.1 shs0.2) and (Oss0.1). The composition of 
lithium varies depending upon the charge and discharge state, 
and the value off represents a value in the complete discharge 
State. 

LiMn(NiM2O2F (2) 
In the general formula (2), M2 represents at least one 

member selected from the group consisting of cobalt (Co), 
magnesium (Mg), aluminum (Al), boron (B), titanium (Ti), 
Vanadium (V), chromium (Cr), iron (Fe), copper (Cu), Zinc 
(Zn), Zirconium (Zr), molybdenum (Mo), tin (Sn), calcium 
(Ca), strontium (Sr) and tungsten (W); and values of k, m, n, 
p and q are satisfied with the relationships of (0.8sks.1.2). 
(0<m-0.5), (Osins 0.5), ((m+n)<1), (-0.1 sps0.2) and 
(0sqs0.1). The composition of lithium varies depending 
upon the charge and discharge state, and the value of k rep 
resents a value in the complete discharge state. 

Li,Ni-M3.O.2F, (3) 
In the general formula (3), M3 represents at least one 

member selected from the group consisting of cobalt (Co), 
manganese (Mn), magnesium (Mg), aluminum (Al), boron 
(B), titanium (Ti), vanadium (V), chromium (Cr), iron (Fe), 
copper (Cu), Zinc (Zn), molybdenum (Mo), tin (Sn), calcium 
(Ca), strontium (Sr) and tungsten (W); and values of r, s, tand 
u are satisfied with the relationships of (0.8srs.1.2). 
(0.005sss0.5), (-0.1sts0.2) and (Osus0.1). The composition 
of lithium varies depending upon the charge and discharge 
state, and the value of r represents a value in the complete 
discharge state. 

In the general formula (4), M4 represents at least one 
member selected from the group consisting of cobalt (Co), 
nickel (Ni), magnesium (Mg), aluminum (Al), boron (B), 
titanium (Ti), Vanadium (V), chromium (Cr), iron (Fe), cop 
per (Cu), Zinc (Zn), molybdenum (Mo), tin (Sn), calcium 
(Ca), strontium (Sr) and tungsten (W); and V, W, X and y are 
satisfied with the relationships of (0.9svs1.1), (0sws0.6), 
(3.75x54.1) and (0sys0.1). The composition of lithium var 
ies depending upon the charge and discharge State, and the 
value of V represents a value in the complete discharge state. 

LiMSPO (5) 

In the general formula (5), M5 represents at least one 
member selected from the group consisting of cobalt (Co), 
manganese (Mn), iron (Fe), nickel (Ni), magnesium (Mg), 
aluminum (Al), boron (B), titanium (Ti), Vanadium (V), nio 
bium (Nb), copper (Cu), Zinc (Zn), molybdenum (Mo), cal 
cium (Ca), strontium (Sr), tungsten (W) and Zirconium (Zr); 
and Z represents a value satisfied with the relationship of 
(0.9szs1.1). The composition of lithium varies depending 
upon the charge and discharge state, and the value of Z rep 
resents a value in the complete discharge state. 

Besides, examples of the positive electrode material 
capable of intercalating and deintercalating lithium include 
oxides Such as titanium oxide, Vanadium oxide and manga 
nese dioxide; disulfides such as titanium disulfide and molyb 
denum sulfide; chalcogenides Such as niobium selenide; Sul 
fur, and conductive polymers such as polyaniline and 
polythiophene. 
As a matter of course, the positive electrode material 

capable of intercalating and deintercalating lithium may be 
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other material than those described above. Also, the foregoing 
series of positive electrode materials may be a mixture of two 
or more kinds thereof in an arbitrary combination. 

Examples of the conductive agent include carbon materials 
Such as graphite, carbon black, acetylene black and ketjen 
black. These materials are used singly or in admixture of 
plural kinds thereof. The conductive agent may be a metal 
material or a conductive polymer material or the like so far as 
it is a material having conductivity. 

Examples of the binder include synthetic rubbers such as a 
styrene butadiene based rubber, a fluorocarbon based rubber 
and an ethylene propylene diene based rubber, and polymer 
materials such as polyvinylidene fluoride. These materials 
may be used singly or in admixture of plural kinds thereof. 

For example, the negative electrode 22 is one in which a 
negative electrode active material layer 22B is provided on 
the both surfaces of a negative electrode collector 22A having 
a pair of surfaces opposing to each other. However, the nega 
tive electrode active material layer 22B may be provided on 
only one surface of the negative electrode collector 22A. 
The negative electrode collector 22A is constituted of a 

metal material, for example, copper, nickel, stainless steel, 
etc. It is preferable that the surface of this negative electrode 
collector 22A is roughed. This is because adhesion between 
the negative electrode collector 22A and the negative elec 
trode active material layer 22B is enhanced due to a so-called 
anchor effect. In that case, the Surface of the negative elec 
trode collector 22A may be roughed in at least a region 
opposing to the negative electrode active material layer 22B. 
Examples of a method for achieving roughing include a 
method for forming fine particles by an electrolysis treatment. 
The electrolysis treatment as referred to herein is a method in 
which fine particles are formed on the surface of the negative 
electrode collector 22A in an electrolysis vessel by means of 
electrolysis, thereby providing recesses and projections. A 
copper foil which is prepared by the electrolysis, including 
the copper foil having been roughed by this electrolysis treat 
ment, is generally named as “electrolytic copper foil. 
The negative electrode active material layer 22B contains, 

as a negative electrode active material, one or two or more 
kinds of a negative electrode material capable of intercalating 
and deintercalating lithium and may contain other materials 
Such as a binder and a conductive agent, if desired. Details 
regarding the binder and the conductive agent are, for 
example, the same as those in the case of explaining the 
positive electrode 21. Also, it is preferable that the charge 
capacity of the negative electrode material capable of inter 
calating and deintercalating lithium is larger than that by the 
positive electrode active material. This is because a possibil 
ity that lithium is deposited as a dendrite on the negative 
electrode 22 even at the time of full charge is low. 

Examples of the negative electrode material capable of 
intercalating and deintercalating lithium include carbon 
materials. Examples of such a carbon material include easily 
graphitized carbon, hardly graphitized carbon with a (002) 
plane interval of 0.37 nm or more and graphite with a (002) 
plane interval of not more than 0.34 nm. More specifically, 
there are exemplified pyrolytic carbons, cokes, vitreous car 
bon fibers, organic polymer compound baked materials, 
active carbon and carbon blacks. Of these, examples of the 
cokes include pitch coke, needle coke and petroleum coke. 
The organic polymer compound baked material as referred to 
herein is a material obtained through carbonization by baking 
a phenol resin, a furan resin or the like at an appropriate 
temperature. The carbon material is preferable because a 
change in a crystal structure following the intercalation and 
deintercalation of lithium is very small, and therefore, a high 
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energy density is obtainable, excellent cycle characteristics 
are obtainable, and the carbon material also functions as a 
conductive agent. The shape of the carbon material may be 
any of a fibrous shape, a spherical shape, a granular shape or 
a flaky shape. 

In addition to the above, as the negative electrode material 
capable of intercalating and deintercalating lithium, a mate 
rial which is capable of intercalating and deintercalating 
lithium and which contains, as a constituent element, at least 
one member selected from the group consisting of metal 
elements and semi-metal elements is also exemplified. This is 
because a high energy density is obtainable. Such a negative 
electrode material may be a simple Substance, an alloy or a 
compound of a metal element or a semi-metal element. Also, 
one having one kind or two or more kinds of a phase in at least 
a part thereof may be used. The “alloy’ as referred to herein 
includes, in addition to alloys composed of two or more kinds 
of a metal element, alloys containing one or more kinds of a 
metal element and one or more kinds of a semi-metal element. 
Also, the “alloy may containa non-metal element. Examples 
of its texture include a solid solution, a eutectic (eutectic 
mixture), an intermetallic compound and one in which two or 
more kinds thereof coexist. 
Examples of the metal element or semi-metal element 

include a metal element or a semi-metal element capable of 
forming an alloy together with lithium. Specific examples 
thereof include magnesium (Mg), boron (B), aluminum, gal 
lium (Ga), indium (In), silicon (Si), germanium (Ge), tin(Sn), 
lead (Pb), bismuth (Bi), cadmium (Cd), silver (Ag), Zinc (Zn), 
hafnium (Hf), Zirconium (Zr), yttrium (Y), palladium (Pd) 
and platinum (Pt). Examples of the material containing, as a 
constituent element, at least one member of such metal ele 
ment and semi-metal element include an alloy or a compound 
of Such a metal element or semi-metal element. Specific 
examples thereof include compounds represented by chemi 
cal formulae: MaMbLit (wherein values of s, t and u are 
satisfied with the relationships of s-0, ta.0 and u-0, respec 
tively) and MaMcMd, (wherein values of p, q and rare 
satisfied with the relationships of p-0, q>0 and re0, respec 
tively). In the foregoing chemical formulae, Ma represents at 
least one member selected from the group consisting of metal 
elements and semi-metal elements each capable of forming 
an alloy together with lithium; Mb represents at least one 
member selected from the group consisting of metal elements 
and semi-metal elements other than lithium and Ma.; Mc 
represents at least one non-metal element; and Md represents 
at least one member selected from the group consisting of 
metal elements and semi-metal elements other than Ma. 
These materials may be crystalline or amorphous. 
As the negative electrode material which is constituted of a 

metal element or a semi-metal element capable of forming an 
alloy together with lithium, materials containing, as a con 
stituent element, at least one member selected from metal 
elements and semi-metal elements belonging to the Group 14 
in the long form of the periodic table are preferable; and 
materials containing, as a constituent element, at least one 
member of silicon and tin are especially preferable. This is 
because in Such a material, a capability for intercalating and 
deintercalating lithium is large, and therefore, a high energy 
density is obtainable. 

Examples of the negative electrode material containing at 
least one member of silicon and tin include a simple Sub 
stance, an alloy or a compound of silicon; a simple Substance, 
an alloy or a compound of tin; and a material having one or 
two or more kinds of a phase in at least a part thereof. 

Examples of the alloyed silicon include alloys containing, 
as a second constituent element other than silicon, at least one 
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member selected from the group consisting of tin, nickel, 
copper, iron, cobalt, manganese, Zinc, indium, silver, tita 
nium, germanium, bismuth, antimony (Sb) and chromium. 
Examples of the silicon compound include compounds con 
taining oxygen or carbon (C), and these compounds may 
contain, in addition to silicon, the foregoing second constitu 
ent element. Examples of the alloyed silicon or silicon com 
pound include SiB, SiB, MgSi, NiSi, TiSi, MoSi, 
CoSi, NiSi, CaSi, CrSi, CuSi, FeSi, MnSi, NbSi. 
TaSi, VSi, WSi, ZnSi, SiC. SiNa, SiN.O. SiO, (0<vs2) 
and LiSiO. 

Examples of the alloyed tin include alloys containing, as a 
second constituent element other than tin, at least one mem 
ber selected from the group consisting of silicon, nickel, 
copper, iron, cobalt, manganese, Zinc, indium, silver, tita 
nium, germanium, bismuth, antimony and chromium. 
Examples of the tin compound include compounds contain 
ing oxygen or carbon, and these compounds may contain, in 
addition to tin, the foregoing second constituent element. 
Examples of the alloyed tin or tin compound include SnO, 
(0<ws2), SnSiO, LiSnO and MgSn. 
As the negative electrode material containing at least one 

member of silicon and tin, for example, a material containing 
tin as a first constituent element and in addition to this, second 
and third constituent elements is especially preferable. The 
second constituent element is at least one member selected 
from the group consisting of cobalt, iron, magnesium, tita 
nium, Vanadium (V), chromium, manganese, nickel, copper, 
Zinc, gallium, Zirconium, niobium (Nb), molybdenum, silver, 
indium, cerium (Ce), hafnium, tantalum (Ta), tungsten (W), 
bismuth and silicon. The third constituent element is at least 
one member selected from the group consisting of boron, 
carbon, aluminum and phosphorus (P). This is because in 
view of the fact that the second and third constituent elements 
are contained, cycle characteristics are enhanced. 
Above of all, the negative electrode material is preferably 

an SnCoC-containing material containing tin, cobalt and car 
bon as constituent elements and having a content of carbon of 
9.9% by mass or more and not more than 29.7% by mass and 
a proportion of cobalt to the total sum of tin and cobalt 
(Co/(Sn+Co)) of 30% by mass or more and not more than 
70% by mass. This is because a high energy density is obtain 
able in the foregoing composition range. 

This SnCoC-containing material may further contain other 
constituent elements, if desired. As other constituent ele 
ments, for example, silicon, iron, nickel, chromium, indium, 
niobium, germanium, titanium, molybdenum, aluminum, 
phosphorus, gallium and bismuth are preferable. The SnCoC 
containing material may contain two or more kinds of these 
elements. This is because higher effects are obtainable. 
The SnCoC-containing material has a phase containing tin, 

cobalt and carbon, and this phase is preferably a lowly crys 
talline or amorphous phase. This phase is a reaction phase 
which is reactive with lithium, and excellent cycle character 
istics are obtainable by this phase. In the case of using CuKO 
rays as specified X-rays and defining a Sweep rate at 1°/min, 
a half width value of a diffraction peak obtained by X-ray 
diffraction of this phase is preferably 1.0° or more in terms of 
a diffraction angle 20. This is because not only lithium is more 
smoothly intercalated and deintercalated, but the reactivity 
with an electrolyte is reduced. 

Whether or not the diffraction peak obtained by the X-ray 
diffraction is corresponding to the reaction phase which is 
reactive with lithium can be easily determined by comparing 
an X-ray diffraction chart before and after an electrochemical 
reaction with lithium. For example, when a position of the 
diffraction peak changes before and after the electrochemical 
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reaction with lithium, it is determined that the diffraction 
peak is corresponding to the reaction phase which is reactive 
with lithium. In that case, for example, a diffraction peak of a 
lowly crystalline or amorphous reaction phase is observed in 
the range of from 20° and 50° in terms of 20. This lowly 
crystalline or amorphous reaction phase contains, for 
example, the foregoing respective constituent elements, and it 
may be considered that this phase is lowly crystallized or 
amorphized chiefly by carbon. 

There may be the case where the SnCoC-containing mate 
rial has, in addition to the lowly crystalline or amorphous 
phase, a phase containing a simple Substance or a part of each 
of the constituent elements. 

In particular, in the SnCoC-containing material, it is pref 
erable that at least a part of carbon as the constituent element 
is bonded to the metal element or semi-metal element as other 
constituent element. This is because cohesion or crystalliza 
tion of tin or the like is Suppressed. 

Examples of a measurement method for examining the 
bonding state of elements include X-ray photoelectron spec 
troscopy (XPS). This XPS is a method in which soft X-rays 
(using Al-KCl rays or Mg-KC. rays in commercially available 
units) are irradiated on the Surface of a sample, and kinetic 
energy of photoelectrons which fly out from the sample Sur 
face are measured, thereby examining an element composi 
tion and a bonding state of elements in a region of several nm 
from the sample surface. 
The bound energy of an inner orbital electron of an element 

changes in correlation with a charge density on the element 
from the standpoint of primary approximation. For example, 
in the case where the charge density of a carbon element is 
reduced due to an interaction with an element existing in the 
vicinity of the carbon element, an outer electron Such as a 2p 
electron is reduced, and therefore, a 1s electron of the carbon 
element receives a strong constraining force from the shell. 
That is, when the charge density of an element is reduced, the 
bound energy becomes high. In XPS, when the bound energy 
increases, a peak is shifted into a high energy region. 

In XPS, so far as graphite is concerned, a peak of a 1s orbit 
of carbon (C1 s) appears at 284.5 eV in a unit in which the 
energy is calibrated Such that a peak of a 4f orbit of a gold 
atom (Au4f) is obtained at 84.0 eV. Also, so far as the surface 
contamination carbon is concerned, the peak of C1s appears 
at 284.8 eV. On the contrary, in the case where the charge 
density of the carbon element becomes high, for example, 
when bonded to a more positive element than carbon, the peak 
of C1s appears in a lower region than 284.5 eV. That is, in the 
case where at least a part of carbons contained in the SnCoC 
containing material is bonded to a metal element or a semi 
metal element as other constituent element or the like, a peak 
of a composite wave of C1s obtained regarding the SnCoC 
containing material appears in a lower region than 284.5 eV. 

In the case of carrying out the XPS measurement, it is 
preferable that in covering the surface by the surface contami 
nation carbon, the Surface is lightly sputtered by an argonion 
gun attached to the XPS unit. Also, in the case where the 
SnCoC-containing material to be measured exists in the nega 
tive electrode 22, it would be better that after taking apart the 
secondary battery, the negative electrode 22 is taken out and 
then rinsed with a volatile solvent such as dimethyl carbonate. 
This is made for the purpose of removing a solvent with low 
volatility and an electrolyte salt existing on the surface of the 
negative electrode 22. It is desirable that their sampling is 
carried out in an inert atmosphere. 

Also, in the XPS measurement, for example, the peak of 
C1s is used for correcting the energy axis of a spectrum. In 
general, since the Surface contamination carbon exists on the 
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material Surface, the peak of C1s of the Surface contamination 
carbon is fixed at 284.8 eV and employed as an energy refer 
ence. In the) XPS measurement, the waveform of the peak of 
C1s is obtained as a form including the peak of the Surface 
contamination carbon and the peak of carbon in the SnCoC 
containing material, and therefore, the peak of the Surface 
contamination carbon and the peak of carbon in the SnCoC 
containing material are separated by, for example, analysis 
using a commercially available software program. In the 
analysis of the waveform, a position of a main peak existing 
on the lowest bound energy side is employed as an energy 
reference (284.8 eV). 

This SnCoC-containing material can be formed by, for 
example, melting a mixture obtained by mixing raw materials 
of the respective constituent elements in an electric furnace, a 
high frequency induction furnace, an arc furnace, etc. and 
then Solidifying the melt. Also, various atomizing methods 
Such as gas atomization and water atomization, various roll 
ing methods or methods utilizing a mechanochemical reac 
tion Such as a mechanical alloying method and a mechanical 
milling method may be adopted. Of these, a method utilizing 
a mechanochemical reaction is preferable. This is because the 
SnCoC-containing material is converted so as to have a lowly 
crystalline or amorphous structure. In the method utilizing a 
mechanochemical reaction, for example, a planetary ball mill 
unit or a manufacturing unit Such as an attritor can be used. 

For the raw material, though a simple Substance of the 
respective constituent elements may be mixed, it is preferable 
to use an alloy with respect to a part of the constituent ele 
ments other than carbon. This is because by adding carbon to 
Such an alloy and synthesizing the raw material by a method 
utilizing a mechanical alloying method, a lowly crystalline or 
amorphous structure is obtained, and the reaction time is 
shortened, too. The form of the raw material may be a powder 
or a block. 

In addition to this SnCoC-containing material, an SnCo 
FeC-containing material having tin, cobalt, iron and carbon 
as constituent elements is also preferable. A composition of 
this SnCoFeC-containing material can be arbitrarily set up. 
For example, in the case where a content of iron is set up low, 
a composition in which a content of carbon is 9.9% by mass 
or more and not more than 29.7% by mass, a content of iron 
is 0.3% by mass or more and not more than 5.9% by mass, and 
a proportion of cobalt to the total sum of tin and cobalt 
(Co/(Sn+Co)) is 30% by mass or more and not more than 70% 
by mass is preferable. Also, for example, in the case where a 
content of iron is set up high, a composition in which a content 
of carbon is 11.9% by mass or more and not more than 29.7% 
by mass, a proportion of the total sum of cobalt and iron to the 
total sum of tin, cobalt and iron ((Co+Fe)/(Sn+Co+Fe)) is 
26.4% by mass or more and not more than 48.5% by mass, 
and a proportion of cobalt to the total sum of cobalt and iron 
(Co/(Co-Fe)) is 9.9% by mass or more and not more than 
79.5% by mass is preferable. This is because a high energy 
density is obtainable in the foregoing composition range. The 
crystallinity, measurement method of the bonding state of 
elements and formation method of this SnCoFeC-containing 
material and the like are the same as in the foregoing SnCoC 
containing material. 
The negative electrode active material layer 22B using, as 

a negative electrode material capable of intercalating and 
deintercalating lithium, a simple Substance, an alloy or a 
compound of silicon, a simple Substance, an alloy or a com 
pound of tin or a material containing one or two or more kinds 
of phases thereof in at least a part thereof is formed by, for 
example, a vapor phase method, a liquid phase method, a 
spraying method, a coating method, a baking method or a 
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combined method of two or more kinds of these methods. In 
that case, it is preferable that the negative electrode collector 
22A and the negative electrode active material layer 22B are 
alloyed on at least a part of the interface therebetween. In 
detail, on the interface between the both, the constituent ele 
ments of the negative electrode collector 22A may be diffused 
into the negative electrode active material layer 22B, the 
constituent elements of the negative electrode active material 
layer 22B may be diffused into the negative electrode collec 
tor 22A, or these constituent elements may be mutually dif 
fused. This is because not only breakage to be caused due to 
expansion and shrinkage of the negative electrode active 
material layer 22B at the time of charge and discharge can be 
Suppressed, and electron conductivity between the negative 
electrode collector 22A and the negative electrode active 
material layer 22B is enhanced. 

Examples of the vapor phase method include a physical 
deposition method and a chemical deposition method, spe 
cifically a vacuum vapor deposition method, a sputtering 
method, an ion plating method, a laser abrasion method, a 
thermal chemical vapor deposition (CVD) method and a 
plasma chemical vapor deposition method. As the liquid 
phase method, known techniques such as electrolytic plating 
and non-electrolytic plating can be adopted. The coating 
method as referred to herein is, for example, a method in 
which after mixing a granular negative electrode active mate 
rial with a binder and the like, the mixture is dispersed in a 
solvent and coated. The baking method as referred to herein 
is, for example, a method in which after coating by a coating 
method, the coated material is heat treated at a higher tem 
perature than a melting point of the binder, etc. AS to the 
baking method, known techniques can be utilized, too, and 
examples thereof include an atmospheric baking method, a 
reaction baking method and a hot press baking method. 

Also, examples of the negative electrode material capable 
of intercalating and deintercalating lithium include metal 
oxides and polymer compounds capable of intercalating and 
deintercalating lithium. Examples of the metal oxide include 
iron oxide, ruthenium oxide and molybdenum oxide; and 
examples of the polymer compound include polyacetylene, 
polyaniline and polypyrrole. 
As a matter of course, the negative electrode material 

capable of intercalating and deintercalating lithium may be a 
material other than those described above. Also, the foregoing 
series of negative electrode materials may be a mixture of two 
or more kinds thereof in an arbitrary combination. 
The negative electrode active material made of the forego 

ing negative electrode material is composed of plural gran 
ules. That is, the negative electrode active material layer 22B 
has plural negative electrode active material particles, and the 
negative electrode active material particle is formed by, for 
example, the foregoing vapor phase method, etc. However, 
the negative electrode active material particle may be formed 
by a method other than the vapor phase method. 

In the case where the negative electrode active material 
particle is formed by a deposition method such as a vapor 
phase method, the negative electrode active material particle 
may have a single-layered structure formed through a single 
deposition step, or may have a multilayered structure formed 
through plural deposition steps. However, in the case where 
the negative electrode active material particle is formed by a 
vapor deposition method accompanied with high heat at the 
time of deposition, it is preferable that the negative electrode 
active material particle has a multilayered structure. This is 
because when the deposition step of the negative electrode 
material is carried out in a divided manner of plural times (the 
negative electrode material is successively formed thin and 
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deposited), the time when the negative electrode collector 
22A is exposed at high temperatures becomes short, and a 
thermal damage is hardly given as compared with the case of 
carrying out the deposition step once. 

For example, this negative electrode active material par 
ticle grows in a thickness direction of the negative electrode 
active material layer 22B from the surface of the negative 
electrode collector 22A and is connected to the negative elec 
trode collector 22A in a root thereof. In that case, it is pref 
erable that the negative electrode active material particle is 
formed by a vapor phase method and alloyed on at least a part 
of the interface with the negative electrode collector 22A as 
described previously. In detail, on the interface between the 
both, the constituent elements of the negative electrode col 
lector 22A may be diffused into the negative electrode active 
material particle, the constituent elements of the negative 
electrode active material particle may be diffused into the 
negative electrode collector 22A, or the constituent elements 
of the both may be mutually diffused. 

In particular, it is preferable that the negative electrode 
active material layer 22B has an oxide-containing film for 
coating the Surface of the negative electrode active material 
particle (region coming into contact with the electrolytic 
Solution), if desired. This is because the oxide-containing film 
functions as a protective film against the electrolytic solution, 
and even when charge and discharge are repeated, a decom 
position reaction of the electrolytic Solution is Suppressed, 
and therefore, the cycle characteristics are enhanced. This 
oxide-containing film may coat a part or the whole of the 
surface of the negative electrode active material particle. 

This oxide-containing film contains an oxide of a metal 
element or a semi-metal element. Examples of the oxide of a 
metal element or a semi-metal element include oxides of 
aluminum, silicon, Zinc, germanium, tin or the like. Of these, 
it is preferable that the oxide-containing film contains an 
oxide of at least one member selected from the group con 
sisting of silicon, germanium and tin; and it is especially 
preferable that the oxide-containing film contains an oxide of 
silicon. This is because not only it is easily coated over the 
entire Surface of the negative electrode active material par 
ticle, but an excellent protective function is obtainable. As a 
matter of course, the oxide-containing film may contain an 
oxide other than those described above. 

This oxide-containing film is, for example, formed using 
one or two or more kinds of a method including a vapor phase 
method and a liquid phase method. In that case, examples of 
the vapor phase method include a vapor deposition method, a 
sputtering method and a CVD method; and examples of the 
liquid phase method include a liquid phase deposition 
method, a sol-gel method, a polysilaZane method, an elec 
trodeposition method, a coating method and a dip coating 
method. Of these, a liquid phase method is preferable, and a 
liquid phase deposition method is more preferable. This is 
because the surface of the negative electrode active material 
particle can be easily coated over a wide range thereof. In the 
liquid phase deposition method, first of all, in a solution 
containing not only a fluoride complex of a metal element or 
a semi-metal element and, as an anion Scavenger, a solution 
species which is easy to coordinate to a fluoride ion, the 
fluoride ion generated from the fluoride complex is scavenged 
by the anion Scavenger, thereby depositing an oxide of the 
metal element or semi-metal element so as to coat the Surface 
of the negative electrode active material particle. Thereafter, 
an oxide-containing film is formed by washing with water and 
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Chemical Formula (19) 
inS 

O 

N X51 
/ 8 

O 
5 5 

In the chemical formula (19), X51 represents an element 
belonging to the Group 1 or an element belonging to the 
Group 2 in the long form of the periodic table; M51 represents 
a transition metal element or an element belonging to the 
Group 13, an element belonging to the Group 14 or an ele 
ment belonging to the Group 15 in the long form of the 
periodic table; Rf represents a fluorinated alkyl group or a 
fluorinated aryl group each having from 1 to 10 carbonatoms; 
Y51 represents —OC (C(R51))-CO— —(R52)C (C 
(R51))s-CO— —(R52)C-(C(R51))s-C(R52).-, 
—(R52)2C-(C(R51))s-SO , —OS—(C(R51))s- 
SO or —OC (C(R51))s-SO. : R51 represents a 
hydrogen group, an alkyl group, a halogen group or a halo 
genated alkyl group; R52 represents a hydrogen group, an 
alkyl group, a halogen group or a halogenated alkyl group, 
provided that at least one of every R52 is halogen group or a 
halogenated alkyl group; each of a5, fö and n5 represents 1 or 
2; each of b5, c5 and e5 represents an integer of from 1 to 4: 
d5 represents an integer of from 0 to 4; and each of g5 and m3 
represents an integer of from 1 to 3. 
The element belonging to the Group 1 in the long form of 

the periodic table as referred to herein is hydrogen, lithium, 
Sodium, potassium, rubidium, cesium or francium. The ele 
ment belonging to the Group 2 in the long form of the periodic 
table as referred to herein is beryllium, magnesium, calcium, 
strontium, barium or radium. The element belonging to the 
Group 13 in the long form of the periodic table as referred to 
herein is boron, aluminum, gallium, indium or thallium. The 
element belonging to the Group 14 in the long form of the 
periodic table as referred to herein is carbon, silicon, germa 
nium, tin or lead. The element belonging to the Group 15 in 
the long form of the periodic table as referred to herein is 
nitrogen, phosphorus, arsenic, antimony or bismuth. 

Examples of the compound represented by the chemical 
formula (17) include compounds represented by (1) to (6) of 
the following chemical formula (20). Examples of the com 
pound represented by the chemical formula (18) include com 
pounds represented by (1) to (8) of the following chemical 
formula (21). Examples of the compound represented by the 
chemical formula (19) include a compound represented by 
the following chemical formula (22). Of these, the compound 
represented by (6) of the chemical formula (20) is preferable. 
This is because high effects are obtainable. Needless to say, 
the compound is not limited to the compounds represented by 
the chemical formulae (20) to (22) so far as it is a compound 
having any one of the structures represented by the chemical 
formulae (17) to (19). 
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Chemical Formula (22) 
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Also, the electrolyte salt preferably contains at least one 
member selected from the group consisting of compounds 
represented by the following chemical formulae (23) to (25). 
This is because in the case where such a compound is used 
together with the foregoing lithium hexafluorophosphate or 
the like, higher effects are obtainable. In the chemical formula 
(23), m and n may be the same as or different from each other. 
The same is also applicable to p, q and r in the chemical 
formula (25). 

LiN(CF2SO2)(CF2SO2) Chemical Formula (23) 

In the chemical formula (23), each of mand n represents an 
integer of 1 or more. 

Chemical Formula (24) 
O V 
/N. It R61 -N 

In the chemical formula (24), R61 represents a linear or 
branched perfluoroalkylene group having 2 or more and not 
more than 4 carbon atoms. 

In the chemical formula (25), each of p, q and r represents 
an integer of 1 or more. 

Examples of the chain compound represented by the fore 
going chemical formula (23) include lithium bis(trifluo 
romethanesulfonyl)imide (LiN(CFSO)), lithium bis(pen 
tafluoroethanesulfonyl)imide (LiN(CFSO)), lithium 
(trifluoromethanesulfonyl)(pentafluoroethanesulfonyl)imide 
(LiN(CFSO) (CFSO)), lithium (trifluoromethanesulfo 

Chemical Formula (25) 
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nyl)(heptafluoropropanesulfonyl)imide (LiN(CFSO) 
(CFSO)) and lithium (trifluoromethanesulfonyl)(non 
afluorobutanesulfonyl)imide (LiN(CFSO)(CFSO)). 
These may be used singly or in admixture of plural kinds 
thereof. Of these, lithium bis(trifluoromethanesulfonyl)imide 
is preferable. This is because high effects are obtainable. 

Examples of the cyclic compound represented by the fore 
going chemical formula (24) include a series of compounds 
represented by the following formula (26). That is, examples 
include lithium 1,2-perfluoroethanedisulfonylimide repre 
sented by (1) in the following chemical formula (26), lithium 
1,3-perfluoropropanedisulfonylimide represented by (2) in 
the following chemical formula (26), lithium 1,3-perfluo 
robutanedisulfonylimide represented by (3) in the following 
chemical formula (26) and lithium 1,4-perfluorobutanedisul 
fonylimide represented by (4) in the following chemical for 
mula (26). These may be used singly or in admixture of plural 
kinds thereof. Of these, lithium 1,3-perfluoropropanedisulfo 
nylimide is preferable. This is because high effects are obtain 
able. 

(1) 
Chemical Formula (26) 

O O 
VW 

CF31 SV 
N 

CF2N/ 
Li" 

(2) 

(3) 

(4) 

Examples of the chain compound represented by the fore 
going chemical formula (25) include lithium tris(trifluo 
romethanesulfonyl)methide (LiC(CFSO)). The content of 
the electrolyte salt is preferably 0.3 moles/kg or more and not 
more than 3.0 moles/kg relative to the solvent. This is because 
when the content of the electrolyte salt falls outside this 
range, there is a possibility that the ionic conductivity is 
extremely lowered. 

Next, the use examples of the foregoing nonaqueous elec 
trolyte are described below. Here, when as a secondary bat 
tery, an example of the electrochemical device is made hereof 
by reference, the nonaqueous electrolyte is used in the fol 
lowing manner. 
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(First Secondary Battery) 
Each of FIGS. 1 and 2 shows a sectional configuration of a 

first secondary battery, in which FIG. 2 shows enlargedly a 
part of a wound electrode body 20 in the secondary battery 
shown in FIG. 1. This battery is, for example, a lithium ion 
secondary battery in which the capacity of a negative elec 
trode is expressed on the basis of intercalation and deinterca 
lation of lithium as an electrode reactant. 

This secondary battery is one in which a wound electrode 
body 20 having a positive electrode 21 and a negative elec 
trode 22 wound therein via a separator 23 and a pair of 
insulating plates 12 and 13 are mainly housed in the inside of 
a battery can 11 in a substantially hollow column shape. The 
battery structure using this columnar battery can 11 is called 
a cylindrical type. 

For example, the battery can 11 has a hollow structure in 
which one end thereof is closed, with the other end being 
opened and is constituted of a metal material Such as iron or 
aluminum or an alloy thereof. In the case where the battery 
can 11 is constituted of iron, it may be plated with, for 
example, nickel, etc. The pair of insulating plates 12 and 13 is 
respectively disposed such that they interpose the wound 
electrode body 20 vertically therebetween and extend perpen 
dicular to the winding peripheral face thereof. 

In the open end of the battery can 11, a battery lid 14 is 
installed by caulking with a safety valve mechanism 15 and a 
positive temperature coefficient device (PTC device) 16 pro 
vided in the inside of this battery lid 14 via a gasket 17, and the 
inside of the battery can 11 is hermetically sealed. The battery 
lid 14 is constituted of, for example, a metal material the same 
as that in the battery can 11. The safety valve mechanism 15 
is electrically connected to the battery lid 14 via the positive 
temperature coefficient device 16. In the case where the pres 
sure in the inside of the battery reaches a fixed value or more 
due to an internal short circuit or heating from the outside or 
the like, a disc plate 15A is reversed, whereby electrical 
connection between the battery lid 14 and the wound elec 
trode body 20 is disconnected. The positive temperature coef 
ficient device 16 controls the current due to an increase of the 
resistance in response to an increase of the temperature, 
thereby preventing abnormal heat generation to be caused due 
to a large current. The gasket 17 is constituted of for example, 
an insulating material, and asphalt is coated on the Surface 
thereof. 
A centerpin 24 may be inserted on the center of the wound 

electrode body 20. In the wound electrode body 20, a positive 
electrode lead 25 made of a metal material, for example, 
aluminum, etc. is connected to the positive electrode 21; and 
a negative electrode lead 26 made of a metal material, for 
example, nickel, etc. is connected to the negative electrode 
22. The positive electrode lead 25 is electrically connected to 
the battery lid 14 by means of welding with the safety valve 
mechanism 15; and the negative electrode lead 26 is electri 
cally connected to the battery can 11 by means of welding. 

For example, the positive electrode 21 is one in which a 
positive electrode active material layer 21B is provided on the 
both surfaces of a positive electrode collector 21A having a 
pair of surfaces opposing to each other. However, the positive 
electrode active material layer 21 B may be provided on only 
one surface of the positive electrode collector 21A. 
The positive electrode collector 21A is constituted of a 

metal material, for example, aluminum, nickel, stainless 
steel, etc. 
The positive electrode active material layer 21B contains, 

as a positive electrode active material, one or two or more 
positive electrode materials capable of intercalating and 



US 9,209,480 B2 
33 

deintercalating lithium and may further contain other mate 
rials such as a binder and a conductive agent, if desired. 
As the positive electrode material capable of intercalating 

and deintercalating lithium, for example, a lithium-contain 
ing compound is preferable. This is because a high energy 
density is obtainable. Examples of this lithium-containing 
compound include a complex oxide containing lithium and a 
transition metal element and a phosphate compound contain 
ing lithium and a transition metal element. Of these, a com 
pound containing at least one of cobalt, nickel, manganese 
and iron is preferable as a transition metal element. This is 
because a higher Voltage is obtainable. A chemical formula 
thereof is represented by, for example, LiM1O or 
LiM2PO. In the formulae, each of M1 and M2 represents 
one or more kinds of a transition metal element; and values of 
X and y vary depending upon the charge and discharge State 
and are usually satisfied with the relationships of 
(0.05xs1.10) and (0.05sys1.10). 

Examples of the complex oxide containing lithium and a 
transition metal element include a lithium cobalt complex 
oxide (Li CoO), a lithium nickel complex oxide (LiNiO). 
a lithium nickel cobalt complex oxide (LiNiCoO (Z-1)), 
a lithium nickel cobalt manganese complex oxide 
(LiNiCo, MnO, ((V+w)<1)), a lithium manganese 
complex oxide having a spinel type structure (LiMnO) and 
a lithium manganese nickel complex oxide (LiMn 
NiO (t-2)). Of these, cobalt-containing complex oxides are 
preferable. This is because not only a high capacity is obtain 
able, but excellent cycle characteristics are obtainable. Also, 
examples of the phosphate compound containing lithium and 
a transition metal element include a lithium iron phosphate 
compound (LiFePO) and a lithium iron manganese phos 
phate compound (LiFe MnPO (u-1)). 

Moreover, in view of the fact that higher electrode filling 
properties and cycle characteristic are obtainable, a complex 
particle obtained by coating the Surface of a core particle 
composed of any one of lithium-containing compounds rep 
resented by the following general formulae (1) to (5) by a fine 
particle composed of any one of other lithium-containing 
compounds is also useful. 

Li/Co(1M1 O2 F, (1) 
In the general formula (1), M1 represents at least one 

member selected from the group consisting of nickel (Ni). 
manganese (Mn), magnesium (Mg), aluminum (Al), boron 
(B), titanium (Ti), vanadium (V), chromium (Cr), iron (Fe), 
copper (Cu), Zinc (Zn), molybdenum (Mo), tin (Sn), calcium 
(Ca), strontium (Sr) and tungsten (W); and values of f, g, h 
and j are satisfied with the relationships of (0.8sfs 1.2). 
(Osg:0.5), (-0.1 shs0.2) and (Oss0.1). The composition of 
lithium varies depending upon the charge and discharge state, 
and the value off represents a value in the complete discharge 
State. 

LiMn(1-in-Ni, M2,O2 Fa (2) 
In the general formula (2), M2 represents at least one 

member selected from the group consisting of cobalt (Co). 
magnesium (Mg), aluminum (Al), boron (B), titanium (Ti), 
Vanadium (V), chromium (Cr), iron (Fe), copper (Cu), Zinc 
(Zn), Zirconium (Zr), molybdenum (Mo), tin (Sn), calcium 
(Ca), strontium (Sr) and tungsten (W); and values of k, m, n, 
p and q are satisfied with the relationships of (0.8sks 1.2). 
(0<m-0.5), (Osins 0.5), ((m+n)<1), (-0.1 sps0.2) and 
(0sqs0.1). The composition of lithium varies depending 
upon the charge and discharge state, and the value of k rep 
resents a value in the complete discharge state. 

Li,Ni-M3.O.2F, (3) 
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In the general formula (3), M3 represents at least one 

member selected from the group consisting of cobalt (Co), 
manganese (Mn), magnesium (Mg), aluminum (Al), boron 
(B), titanium (Ti), vanadium (V), chromium (Cr), iron (Fe), 
copper (Cu), Zinc (Zn), molybdenum (Mo), tin (Sn), calcium 
(Ca), strontium (Sr) and tungsten (W); and values of r, s, tand 
u are satisfied with the relationships of (0.8srs.1.2). 
(0.005sss0.5), (-0.1sts0.2) and (Osus0.1). The composition 
of lithium varies depending upon the charge and discharge 
state, and the value of r represents a value in the complete 
discharge state. 

In the general formula (4), M4 represents at least one 
member selected from the group consisting of cobalt (Co), 
nickel (Ni), magnesium (Mg), aluminum (Al), boron (B), 
titanium (Ti), Vanadium (V), chromium (Cr), iron (Fe), cop 
per (Cu), Zinc (Zn), molybdenum (Mo), tin (Sn), calcium 
(Ca), strontium (Sr) and tungsten (W); and V, W, X and y are 
satisfied with the relationships of (0.9svs1.1), (0sws0.6), 
(3.75x54.1) and (0sys0.1). The composition of lithium var 
ies depending upon the charge and discharge State, and the 
value of V represents a value in the complete discharge state. 

LiMSPO (5) 

In the general formula (5), M5 represents at least one 
member selected from the group consisting of cobalt (Co), 
manganese (Mn), iron (Fe), nickel (Ni), magnesium (Mg), 
aluminum (Al), boron (B), titanium (Ti), Vanadium (V), nio 
bium (Nb), copper (Cu), Zinc (Zn), molybdenum (Mo), cal 
cium (Ca), strontium (Sr), tungsten (W) and Zirconium (Zr); 
and Z represents a value satisfied with the relationship of 
(0.9szs1.1). The composition of lithium varies depending 
upon the charge and discharge state, and the value of Z rep 
resents a value in the complete discharge state. 

Besides, examples of the positive electrode material 
capable of intercalating and deintercalating lithium include 
oxides Such as titanium oxide, Vanadium oxide and manga 
nese dioxide; disulfides such as titanium disulfide and molyb 
denum sulfide; chalcogenides Such as niobium selenide; Sul 
fur, and conductive polymers such as polyaniline and 
polythiophene. 
As a matter of course, the positive electrode material 

capable of intercalating and deintercalating lithium may be 
other material than those described above. Also, the foregoing 
series of positive electrode materials may be a mixture of two 
or more kinds thereof in an arbitrary combination. 

Examples of the conductive agent include carbon materials 
Such as graphite, carbon black, acetylene black and ketjen 
black. These materials are used singly or in admixture of 
plural kinds thereof. The conductive agent may be a metal 
material or a conductive polymer material or the like so far as 
it is a material having conductivity. 

Examples of the binder include synthetic rubbers such as a 
styrene butadiene based rubber, a fluorocarbon based rubber 
and an ethylene propylene diene based rubber, and polymer 
materials such as polyvinylidene fluoride. These materials 
may be used singly or in admixture of plural kinds thereof. 

For example, the negative electrode 22 is one in which a 
negative electrode active material layer 22B is provided on 
the both surfaces of a negative electrode collector 22A having 
a pair of surfaces opposing to each other. However, the nega 
tive electrode active material layer 22B may be provided on 
only one surface of the negative electrode collector 22A. 
The negative electrode collector 22A is constituted of a 

metal material, for example, copper, nickel, stainless steel, 
etc. It is preferable that the surface of this negative electrode 
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collector 22A is roughed. This is because adhesion between 
the negative electrode collector 22A and the negative elec 
trode active material layer 22B is enhanced due to a so-called 
anchor effect. In that case, the Surface of the negative elec 
trode collector 22A may be roughed in at least a region 
opposing to the negative electrode active material layer 22B. 
Examples of a method for achieving roughing include a 
method for forming fine particles by an electrolysis treatment. 
The electrolysis treatment as referred to herein is a method in 
which fine particles are formed on the surface of the negative 
electrode collector 22A in an electrolysis vessel by means of 
electrolysis, thereby providing recesses and projections. A 
copper foil which is prepared by the electrolysis, including 
the copper foil having been roughed by this electrolysis treat 
ment, is generally named as “electrolytic copper foil. 
The negative electrode active material layer 22B contains, 

as a negative electrode active material, one or two or more 
kinds of a negative electrode material capable of intercalating 
and deintercalating lithium and may contain other materials 
Such as a binder and a conductive agent, if desired. Details 
regarding the binder and the conductive agent are, for 
example, the same as those in the case of explaining the 
positive electrode 21. Also, it is preferable that the charge 
capacity of the negative electrode material capable of inter 
calating and deintercalating lithium is larger than that by the 
positive electrode active material. This is because a possibil 
ity that lithium is deposited as a dendrite on the negative 
electrode 22 even at the time of full charge is low. 

Examples of the negative electrode material capable of 
intercalating and deintercalating lithium include carbon 
materials. Examples of such a carbon material include easily 
graphitized carbon, hardly graphitized carbon with a (002) 
plane interval of 0.37 nm or more and graphite with a (002) 
plane interval of not more than 0.34 nm. More specifically, 
there are exemplified pyrolytic carbons, cokes, vitreous car 
bon fibers, organic polymer compound baked materials, 
active carbon and carbon blacks. Of these, examples of the 
cokes include pitch coke, needle coke and petroleum coke. 
The organic polymer compound baked material as referred to 
herein is a material obtained through carbonization by baking 
a phenol resin, a furan resin or the like at an appropriate 
temperature. The carbon material is preferable because a 
change in a crystal structure following the intercalation and 
deintercalation of lithium is very small, and therefore, a high 
energy density is obtainable, excellent cycle characteristics 
are obtainable, and the carbon material also functions as a 
conductive agent. The shape of the carbon material may be 
any of a fibrous shape, a spherical shape, a granular shape or 
a flaky shape. 

In addition to the above, as the negative electrode material 
capable of intercalating and deintercalating lithium, a mate 
rial which is capable of intercalating and deintercalating 
lithium and which contains, as a constituent element, at least 
one member selected from the group consisting of metal 
elements and semi-metal elements is also exemplified. This is 
because a high energy density is obtainable. Such a negative 
electrode material may be a simple Substance, an alloy or a 
compound of a metal element or a semi-metal element. Also, 
one having one kind or two or more kinds of a phase in at least 
a part thereof may be used. The “alloy’ as referred to herein 
includes, in addition to alloys composed of two or more kinds 
of a metal element, alloys containing one or more kinds of a 
metal elementandone or more kinds of a semi-metal element. 
Also, the “alloy may containa non-metal element. Examples 
of its texture include a solid solution, a eutectic (eutectic 
mixture), an intermetallic compound and one in which two or 
more kinds thereof coexist. 
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Examples of the metal element or semi-metal element 

include a metal element or a semi-metal element capable of 
forming an alloy together with lithium. Specific examples 
thereof include magnesium (Mg), boron (B), aluminum, gal 
lium (Ga), indium (In), silicon (Si), germanium (Ge), tin(Sn), 
lead (Pb), bismuth (Bi), cadmium (Cd), silver (Ag), Zinc (Zn), 
hafnium (Hf), Zirconium (Zr), yttrium (Y), palladium (Pd) 
and platinum (Pt). Examples of the material containing, as a 
constituent element, at least one member of Such metal ele 
ment and semi-metal element include an alloy or a compound 
of Such a metal element or semi-metal element. Specific 
examples thereof include compounds represented by chemi 
cal formulae: MasMbtLiu (wherein values of s, t and u are 
satisfied with the relationships of s-0, ta.0 and u-0, respec 
tively) and MapMcqMdr (wherein values of p, q and rare 
satisfied with the relationships of p-0, q>0 and re0, respec 
tively). In the foregoing chemical formulae, Ma represents at 
least one member selected from the group consisting of metal 
elements and semi-metal elements each capable of forming 
an alloy together with lithium; Mb represents at least one 
member selected from the group consisting of metal elements 
and semi-metal elements other than lithium and Ma.; Mc 
represents at least one non-metal element; and Md represents 
at least one member selected from the group consisting of 
metal elements and semi-metal elements other than Ma. 
These materials may be crystalline or amorphous. 
As the negative electrode material which is constituted of a 

metal element or a semi-metal element capable of forming an 
alloy together with lithium, materials containing, as a con 
stituent element, at least one member selected from metal 
elements and semi-metal elements belonging to the Group 14 
in the long form of the periodic table are preferable; and 
materials containing, as a constituent element, at least one 
member of silicon and tin are especially preferable. This is 
because in Such a material, a capability for intercalating and 
deintercalating lithium is large, and therefore, a high energy 
density is obtainable. 

Examples of the negative electrode material containing at 
least one member of silicon and tin include a simple Sub 
stance, an alloy or a compound of silicon; a simple Substance, 
an alloy or a compound of tin; and a material having one or 
two or more kinds of a phase in at least a part thereof. 

Examples of the alloyed silicon include alloys containing, 
as a second constituent element other than silicon, at least one 
member selected from the group consisting of tin, nickel, 
copper, iron, cobalt, manganese, Zinc, indium, silver, tita 
nium, germanium, bismuth, antimony (Sb) and chromium. 
Examples of the silicon compound include compounds con 
taining oxygen or carbon (C), and these compounds may 
contain, in addition to silicon, the foregoing second constitu 
ent element. Examples of the alloyed silicon or silicon com 
pound include SiB, SiB, Mg-Si, NiSi, TiSi, MoSi, 
CoSi, NiSi, CaSi, CrSi. CusSi, FeSi, MnSi, NbSi, 
TaSi, VSi, WSi, ZnSi, SiC. SiN. SiN.O. SiO, (0<vs2) 
and LiSiO. 

Examples of the alloyed tin include alloys containing, as a 
second constituent element other than tin, at least one mem 
ber selected from the group consisting of silicon, nickel, 
copper, iron, cobalt, manganese, Zinc, indium, silver, tita 
nium, germanium, bismuth, antimony and chromium. 
Examples of the tin compound include compounds contain 
ing oxygen or carbon, and these compounds may contain, in 
addition to tin, the foregoing second constituent element. 
Examples of the alloyed tin or tin compound include 
SnO, (0<ws2), SnSiO, LiSnO and MgSn. 
As the negative electrode material containing at least one 

member of silicon and tin, for example, a material containing 
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tin as a first constituent element and in addition to this, second 
and third constituent elements is especially preferable. The 
second constituent element is at least one member selected 
from the group consisting of cobalt, iron, magnesium, tita 
nium, Vanadium (V), chromium, manganese, nickel, copper, 
Zinc, gallium, Zirconium, niobium (Nb), molybdenum, silver, 
indium, cerium (Ce), hafnium, tantalum (Ta), tungsten (W), 
bismuth and silicon. The third constituent element is at least 
one member selected from the group consisting of boron, 
carbon, aluminum and phosphorus (P). This is because in 
view of the fact that the second and third constituent elements 
are contained, cycle characteristics are enhanced. 
Above of all, the negative electrode material is preferably 

an SnCoC-containing material containing tin, cobalt and car 
bon as constituent elements and having a content of carbon of 
9.9% by mass or more and not more than 29.7% by mass and 
a proportion of cobalt to the total sum of tin and cobalt 
(Co/(Sn+Co)) of 30% by mass or more and not more than 
70% by mass. This is because a high energy density is obtain 
able in the foregoing composition range. 

This SnCoC-containing material may further contain other 
constituent elements, if desired. As other constituent ele 
ments, for example, silicon, iron, nickel, chromium, indium, 
niobium, germanium, titanium, molybdenum, aluminum, 
phosphorus, gallium and bismuth are preferable. The SnCoC 
containing material may contain two or more kinds of these 
elements. This is because higher effects are obtainable. 
The SnCoC-containing material has a phase containing tin, 

cobalt and carbon, and this phase is preferably a lowly crys 
talline or amorphous phase. This phase is a reaction phase 
which is reactive with lithium, and excellent cycle character 
istics are obtainable by this phase. In the case of using CuKO 
rays as specified X-rays and defining a Sweep rate at 1°/min, 
a half width value of a diffraction peak obtained by X-ray 
diffraction of this phase is preferably 1.0° or more in terms of 
a diffraction angle 20. This is because not only lithium is more 
smoothly intercalated and deintercalated, but the reactivity 
with an electrolyte is reduced. 

Whether or not the diffraction peak obtained by the X-ray 
diffraction is corresponding to the reaction phase which is 
reactive with lithium can be easily determined by comparing 
an X-ray diffraction chart before and after an electrochemical 
reaction with lithium. For example, when a position of the 
diffraction peak changes before and after the electrochemical 
reaction with lithium, it is determined that the diffraction 
peak is corresponding to the reaction phase which is reactive 
with lithium. In that case, for example, a diffraction peak of a 
lowly crystalline or amorphous reaction phase is observed in 
the range of from 20° and 50° in terms of 20. This lowly 
crystalline or amorphous reaction phase contains, for 
example, the foregoing respective constituent elements, and it 
may be considered that this phase is lowly crystallized or 
amorphized chiefly by carbon. 

There may be the case where the SnCoC-containing mate 
rial has, in addition to the lowly crystalline or amorphous 
phase, a phase containing a simple Substance or a part of each 
of the constituent elements. 

In particular, in the SnCoC-containing material, it is pref 
erable that at least a part of carbon as the constituent element 
is bonded to the metal elementor semi-metal element as other 
constituent element. This is because cohesion or crystalliza 
tion of tin or the like is Suppressed. 

Examples of a measurement method for examining the 
bonding state of elements include X-ray photoelectron spec 
troscopy (XPS). This XPS is a method in which soft X-rays 
(using Al-KCl rays or Mg-KC. rays in commercially available 
units) are irradiated on the Surface of a sample, and kinetic 
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38 
energy of photoelectrons which fly out from the sample Sur 
face are measured, thereby examining an element composi 
tion and a bonding state of elements in a region of several nm 
from the sample surface. 
The bound energy of an inner orbital electron of an element 

changes in correlation with a charge density on the element 
from the standpoint of primary approximation. For example, 
in the case where the charge density of a carbon element is 
reduced due to an interaction with an element existing in the 
vicinity of the carbon element, an outer electron Such as a 2p 
electron is reduced, and therefore, a 1s electron of the carbon 
element receives a strong constraining force from the shell. 
That is, when the charge density of an element is reduced, the 
bound energy becomes high. In XPS, when the bound energy 
increases, a peak is shifted into a high energy region. 

In XPS, so far as graphite is concerned, a peak of a 1s orbit 
of carbon (C1 s) appears at 284.5 eV in a unit in which the 
energy is calibrated Such that a peak of a 4f orbit of a gold 
atom (Au4f) is obtained at 84.0 eV. Also, so far as the surface 
contamination carbon is concerned, the peak of C1s appears 
at 284.8 eV. On the contrary, in the case where the charge 
density of the carbon element becomes high, for example, 
when bonded to a more positive element than carbon, the peak 
of C1s appears in a lower region than 284.5 eV. That is, in the 
case where at least a part of carbons contained in the SnCoC 
containing material is bonded to a metal element or a semi 
metal element as other constituent element or the like, a peak 
of a composite wave of C1s obtained regarding the SnCoC 
containing material appears in a lower region than 284.5 eV. 

In the case of carrying out the XPS measurement, it is 
preferable that in covering the surface by the surface contami 
nation carbon, the surface is lightly sputtered by an argonion 
gun attached to the XPS unit. Also, in the case where the 
SnCoC-containing material to be measured exists in the nega 
tive electrode 22, it would be better that after taking apart the 
secondary battery, the negative electrode 22 is taken out and 
then rinsed with a volatile solvent such as dimethyl carbonate. 
This is made for the purpose of removing a solvent with low 
volatility and an electrolyte salt existing on the surface of the 
negative electrode 22. It is desirable that their sampling is 
carried out in an inert atmosphere. 

Also, in the XPS measurement, for example, the peak of 
C1s is used for correcting the energy axis of a spectrum. In 
general, since the Surface contamination carbon exists on the 
material Surface, the peak of C1s of the Surface contamination 
carbon is fixed at 284.8 eV and employed as an energy refer 
ence. In the) XPS measurement, the waveform of the peak of 
C1s is obtained as a form including the peak of the Surface 
contamination carbon and the peak of carbon in the SnCoC 
containing material, and therefore, the peak of the Surface 
contamination carbon and the peak of carbon in the SnCoC 
containing material are separated by, for example, analysis 
using a commercially available software program. In the 
analysis of the waveform, a position of a main peak existing 
on the lowest bound energy side is employed as an energy 
reference (284.8 eV). 

This SnCoC-containing material can be formed by, for 
example, melting a mixture obtained by mixing raw materials 
of the respective constituent elements in an electric furnace, a 
high frequency induction furnace, an arc furnace, etc. and 
then Solidifying the melt. Also, various atomizing methods 
Such as gas atomization and water atomization, various roll 
ing methods or methods utilizing a mechanochemical reac 
tion Such as a mechanical alloying method and a mechanical 
milling method may be adopted. Of these, a method utilizing 
a mechanochemical reaction is preferable. This is because the 
SnCoC-containing material is converted so as to have a lowly 
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crystalline or amorphous structure. In the method utilizing a 
mechanochemical reaction, for example, a planetary ball mill 
unit or a manufacturing unit Such as an attritor can be used. 

For the raw material, though a simple Substance of the 
respective constituent elements may be mixed, it is preferable 
to use an alloy with respect to a part of the constituent ele 
ments other than carbon. This is because by adding carbon to 
Such an alloy and synthesizing the raw material by a method 
utilizing a mechanical alloying method, a lowly crystalline or 
amorphous structure is obtained, and the reaction time is 
shortened, too. The form of the raw material may be a powder 
or a block. 

In addition to this SnCoC-containing material, an SnCo 
FeC-containing material having tin, cobalt, iron and carbon 
as constituent elements is also preferable. A composition of 
this SnCoFeC-containing material can be arbitrarily set up. 
For example, in the case where a content of iron is set up low, 
a composition in which a content of carbon is 9.9% by mass 
or more and not more than 29.7% by mass, a content of iron 
is 0.3% by mass or more and not more than 5.9% by mass, and 
a proportion of cobalt to the total sum of tin and cobalt 
(Co/(Sn+Co)) is 30% by mass or more and not more than 70% 
by mass is preferable. Also, for example, in the case where a 
content of iron is set up high, a composition in which a content 
of carbon is 11.9% by mass or more and not more than 29.7% 
by mass, a proportion of the total sum of cobalt and iron to the 
total sum of tin, cobalt and iron ((Co+Fe)/(Sn+Co+Fe)) is 
26.4% by mass or more and not more than 48.5% by mass, 
and a proportion of cobalt to the total sum of cobalt and iron 
(Co/(Co-Fe)) is 9.9% by mass or more and not more than 
79.5% by mass is preferable. This is because a high energy 
density is obtainable in the foregoing composition range. The 
crystallinity, measurement method of the bonding state of 
elements and formation method of this SnCoFeC-containing 
material and the like are the same as in the foregoing SnCoC 
containing material. 
The negative electrode active material layer 22B using, as 

a negative electrode material capable of intercalating and 
deintercalating lithium, a simple Substance, an alloy or a 
compound of silicon, a simple Substance, an alloy or a com 
pound of tin or a material containing one or two or more kinds 
of phases thereof in at least a part thereof is formed by, for 
example, a vapor phase method, a liquid phase method, a 
spraying method, a coating method, a baking method or a 
combined method of two or more kinds of these methods. In 
that case, it is preferable that the negative electrode collector 
22A and the negative electrode active material layer 22B are 
alloyed on at least a part of the interface therebetween. In 
detail, on the interface between the both, the constituent ele 
ments of the negative electrode collector 22A may be diffused 
into the negative electrode active material layer 22B, the 
constituent elements of the negative electrode active material 
layer 22B may be diffused into the negative electrode collec 
tor 22A, or these constituent elements may be mutually dif 
fused. This is because not only breakage to be caused due to 
expansion and shrinkage of the negative electrode active 
material layer 22B at the time of charge and discharge can be 
Suppressed, and electron conductivity between the negative 
electrode collector 22A and the negative electrode active 
material layer 22B is enhanced. 

Examples of the vapor phase method include a physical 
deposition method and a chemical deposition method, spe 
cifically a vacuum vapor deposition method, a sputtering 
method, an ion plating method, a laser abrasion method, a 
thermal chemical vapor deposition (CVD) method and a 
plasma chemical vapor deposition method. As the liquid 
phase method, known techniques such as electrolytic plating 
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40 
and non-electrolytic plating can be adopted. The coating 
method as referred to herein is, for example, a method in 
which after mixing a granular negative electrode active mate 
rial with a binder and the like, the mixture is dispersed in a 
solvent and coated. The baking method as referred to herein 
is, for example, a method in which after coating by a coating 
method, the coated material is heat treated at a higher tem 
perature than a melting point of the binder, etc. AS to the 
baking method, known techniques can be utilized, too, and 
examples thereof include an atmospheric baking method, a 
reaction baking method and a hot press baking method. 

Also, examples of the negative electrode material capable 
of intercalating and deintercalating lithium include metal 
oxides and polymer compounds capable of intercalating and 
deintercalating lithium. Examples of the metal oxide include 
iron oxide, ruthenium oxide and molybdenum oxide; and 
examples of the polymer compound include polyacetylene, 
polyaniline and polypyrrole. 
As a matter of course, the negative electrode material 

capable of intercalating and deintercalating lithium may be a 
material other than those described above. Also, the foregoing 
series of negative electrode materials may be a mixture of two 
or more kinds thereof in an arbitrary combination. 
The negative electrode active material made of the forego 

ing negative electrode material is composed of plural gran 
ules. That is, the negative electrode active material layer 22B 
has plural negative electrode active material particles, and the 
negative electrode active material particle is formed by, for 
example, the foregoing vapor phase method, etc. However, 
the negative electrode active material particle may be formed 
by a method other than the vapor phase method. 

In the case where the negative electrode active material 
particle is formed by a deposition method such as a vapor 
phase method, the negative electrode active material particle 
may have a single-layered structure formed through a single 
deposition step, or may have a multilayered structure formed 
through plural deposition steps. However, in the case where 
the negative electrode active material particle is formed by a 
vapor deposition method accompanied with high heat at the 
time of deposition, it is preferable that the negative electrode 
active material particle has a multilayered structure. This is 
because when the deposition step of the negative electrode 
material is carried out in a divided manner of plural times (the 
negative electrode material is successively formed thin and 
deposited), the time when the negative electrode collector 
22A is exposed at high temperatures becomes short, and a 
thermal damage is hardly given as compared with the case of 
carrying out the deposition step once. 

For example, this negative electrode active material par 
ticle grows in a thickness direction of the negative electrode 
active material layer 22B from the surface of the negative 
electrode collector 22A and is connected to the negative elec 
trode collector 22A in a root thereof. In that case, it is pref 
erable that the negative electrode active material particle is 
formed by a vapor phase method and alloyed on at least a part 
of the interface with the negative electrode collector 22A as 
described previously. In detail, on the interface between the 
both, the constituent elements of the negative electrode col 
lector 22A may be diffused into the negative electrode active 
material particle, the constituent elements of the negative 
electrode active material particle may be diffused into the 
negative electrode collector 22A, or the constituent elements 
of the both may be mutually diffused. 

In particular, it is preferable that the negative electrode 
active material layer 22B has an oxide-containing film for 
coating the Surface of the negative electrode active material 
particle (region coming into contact with the electrolytic 



US 9,209,480 B2 
41 

Solution), if desired. This is because the oxide-containing film 
functions as a protective film against the electrolytic solution, 
and even when charge and discharge are repeated, a decom 
position reaction of the electrolytic Solution is Suppressed, 
and therefore, the cycle characteristics are enhanced. This 
oxide-containing film may coat a part or the whole of the 
Surface of the negative electrode active material particle. 

This oxide-containing film contains an oxide of a metal 
element or a semi-metal element. Examples of the oxide of a 
metal element or a semi-metal element include oxides of 
aluminum, silicon, Zinc, germanium, tin or the like. Of these, 
it is preferable that the oxide-containing film contains an 
oxide of at least one member selected from the group con 
sisting of silicon, germanium and tin; and it is especially 
preferable that the oxide-containing film contains an oxide of 
silicon. This is because not only it is easily coated over the 
entire Surface of the negative electrode active material par 
ticle, but an excellent protective function is obtainable. As a 
matter of course, the oxide-containing film may contain an 
oxide other than those described above. 

This oxide-containing film is, for example, formed using 
one or two or more kinds of a method including a vapor phase 
method and a liquid phase method. In that case, examples of 
the vapor phase method include a vapor deposition method, a 
sputtering method and a CVD method; and examples of the 
liquid phase method include a liquid phase deposition 
method, a sol-gel method, a polysilaZane method, an elec 
trodeposition method, a coating method and a dip coating 
method. Of these, a liquid phase method is preferable, and a 
liquid phase deposition method is more preferable. This is 
because the surface of the negative electrode active material 
particle can be easily coated over a wide range thereof. In the 
liquid phase deposition method, first of all, in a solution 
containing not only a fluoride complex of a metal element or 
a semi-metal element and, as an anion Scavenger, a solution 
species which is easy to coordinate to a fluoride ion, the 
fluoride ion generated from the fluoride complex is scavenged 
by the anion Scavenger, thereby depositing an oxide of the 
metal element or semi-metal element so as to coat the Surface 
of the negative electrode active material particle. Thereafter, 
an oxide-containing film is formed by washing with water and 

Chemical Formula (19) 
inS 

O 
Rfc5 n N S 

- M51 Y51 X51. 
F55 O 

In the chemical formula (19), X51 represents an element 
belonging to the Group 1 or an element belonging to the 
Group 2 in the long form of the periodic table; M51 represents 
a transition metal element or an element belonging to the 
Group 13, an element belonging to the Group 14 or an ele 
ment belonging to the Group 15 in the long form of the 
periodic table; Rf represents a fluorinated alkyl group or a 
fluorinated aryl group each having from 1 to 10 carbonatoms; 
Y51 represents —OC (C(R51))s-CO— —(R52)C (C 
(R51))s-CO— —(R52)C-(C(R51))s-C(R52).-, 
—(R52)C-(C(R51))s-SO —OS—(C(R51))s- 
SO or —OC (C(R51))s-SO. : R51 represents a 
hydrogen group, an alkyl group, a halogen group or a halo 
genated alkyl group; R52 represents a hydrogen group, an 
alkyl group, a halogen group or a halogenated alkyl group, 
provided that at least one of every R52 is halogen group or a 
halogenated alkyl group; each of a5, f5 and n5 represents 1 or 
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2; each of b5, c5 and e5 represents an integer of from 1 to 4: 
d5 represents an integer of from 0 to 4; and each of g5 and m3 
represents an integer of from 1 to 3. 
The element belonging to the Group 1 in the long form of 

the periodic table as referred to herein is hydrogen, lithium, 
Sodium, potassium, rubidium, cesium or francium. The ele 
ment belonging to the Group 2 in the long form of the periodic 
table as referred to herein is beryllium, magnesium, calcium, 
strontium, barium or radium. The element belonging to the 
Group 13 in the long form of the periodic table as referred to 
herein is boron, aluminum, gallium, indium or thallium. The 
element belonging to the Group 14 in the long form of the 
periodic table as referred to herein is carbon, silicon, germa 
nium, tin or lead. The element belonging to the Group 15 in 
the long form of the periodic table as referred to herein is 
nitrogen, phosphorus, arsenic, antimony or bismuth. 

Examples of the compound represented by the chemical 
formula (17) include compounds represented by (1) to (6) of 
the following chemical formula (20). Examples of the com 
pound represented by the chemical formula (18) include com 
pounds represented by (1) to (8) of the following chemical 
formula (21). Examples of the compound represented by the 
chemical formula (19) include a compound represented by 
the following chemical formula (22). Of these, the compound 
represented by (6) of the chemical formula (20) is preferable. 
This is because high effects are obtainable. Needless to say, 
the compound is not limited to the compounds represented by 
the chemical formulae (20) to (22) so far as it is a compound 
having any one of the structures represented by the chemical 
formulae (17) to (19). 
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Chemical Formula (22) 

CF O O - 
3 n M -- 
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O O 

Also, the electrolyte salt preferably contains at least one 
member selected from the group consisting of compounds 
represented by the following chemical formulae (23) to (25). 
This is because in the case where such a compound is used 
together with the foregoing lithium hexafluorophosphate or 
the like, higher effects are obtainable. In the chemical formula 
(23), m and n may be the same as or different from each other. 
The same is also applicable to p, q and r in the chemical 
formula (25). 

LiN(CF2SO2)(CF2SO2) Chemical Formula (23) 

In the chemical formula (23), each of mand n represents an 
integer of 1 or more. 

Chemical Formula (24) 
O O 

\/ 
/N Lit 
NY 
/ \, 

In the chemical formula (24), R61 represents a linear or 
branched perfluoroalkylene group having 2 or more and not 
more than 4 carbon atoms. 

LiC(CFSO)(CFSO)(C.F., SO) Chemical Formula (25) 
In the chemical formula (25), each of p, q and r represents 

an integer of 1 or more. 
Examples of the chain compound represented by the fore 

going chemical formula (23) include lithium bis(trifluo 
romethanesulfonyl)imide (LiN(CFSO)), lithium bis(pen 
tafluoroethanesulfonyl)imide (LiN(CFSO)), lithium 
(trifluoromethanesulfonyl)(pentafluoroethanesulfonyl)imide 
(LiN(CFSO) (CFSO)), lithium (trifluoromethanesulfo 
nyl)(heptafluoropropanesulfonyl)imide (LiN(CFSO) 
(CFSO)) and lithium (trifluoromethanesulfonyl)(non 
afluorobutanesulfonyl)imide (LiN(CFSO)(CFSO)). 
These may be used singly or in admixture of plural kinds 
thereof. Of these, lithium bis(trifluoromethanesulfonyl)imide 
is preferable. This is because high effects are obtainable. 

Examples of the cyclic compound represented by the fore 
going chemical formula (24) include a series of compounds 
represented by the following formula (26). That is, examples 
include lithium 1.2-perfluoroethanedisulfonylimide repre 
sented by (1) in the following chemical formula (26), lithium 
1,3-perfluoropropanedisulfonylimide represented by (2) in 
the following chemical formula (26), lithium 1,3-perfluo 
robutanedisulfonylimide represented by (3) in the following 
chemical formula (26) and lithium 1,4-perfluorobutanedisul 
fonylimide represented by (4) in the following chemical for 
mula (26). These may be used singly or in admixture of plural 
kinds thereof. Of these, lithium 1,3-perfluoropropanedisulfo 
nylimide is preferable. This is because high effects are obtain 
able. 
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(1) 
Chemical Formula (26) 

(2) 

(3) 

(4) 

Examples of the chain compound represented by the fore 
going chemical formula (25) include lithium tris(trifluo 
romethanesulfonyl)methide (LiC(CFSO)). The content of 
the electrolyte salt is preferably 0.3 moles/kg or more and not 
more than 3.0 moles/kg relative to the solvent. This is because 
when the content of the electrolyte salt falls outside this 
range, there is a possibility that the ionic conductivity is 
extremely lowered. 

Next, the use examples of the foregoing nonaqueous elec 
trolyte are described below. Here, when as a secondary bat 
tery, an example of the electrochemical device is made hereof 
by reference, the nonaqueous electrolyte is used in the fol 
lowing manner. 

(First Secondary Battery) 
Each of FIGS. 1 and 2 shows a sectional configuration of a 

first secondary battery, in which FIG. 2 shows enlargedly a 
part of a wound electrode body 20 in the secondary battery 
shown in FIG. 1. This battery is, for example, a lithium ion 
secondary battery in which the capacity of a negative elec 
trode is expressed on the basis of intercalation and deinterca 
lation of lithium as an electrode reactant. 

This secondary battery is one in which a wound electrode 
body 20 having a positive electrode 21 and a negative elec 
trode 22 wound therein via a separator 23 and a pair of 
insulating plates 12 and 13 are mainly housed in the inside of 
a battery can 11 in a substantially hollow column shape. The 
battery structure using this columnar battery can 11 is called 
a cylindrical type. 

For example, the battery can 11 has a hollow structure in 
which one end thereof is closed, with the other end being 
opened and is constituted of a metal material Such as iron or 
aluminum or an alloy thereof. In the case where the battery 
can 11 is constituted of iron, it may be plated with, for 
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46 
example, nickel, etc. The pair of insulating plates 12 and 13 is 
respectively disposed such that they interpose the wound 
electrode body 20 vertically therebetween and extend perpen 
dicular to the winding peripheral face thereof. 

In the open end of the battery can 11, a battery lid 14 is 
installed by caulking with a safety valve mechanism 15 and a 
positive temperature coefficient device (PTC device) 16 pro 
vided in the inside of this battery lid 14 via a gasket 17, and the 
inside of the battery can 11 is hermetically sealed. The battery 
lid 14 is constituted of, for example, a metal material the same 
as that in the battery can 11. The safety valve mechanism 15 
is electrically connected to the battery lid 14 via the positive 
temperature coefficient device 16. In the case where the pres 
sure in the inside of the battery reaches a fixed value or more 
due to an internal short circuit or heating from the outside or 
the like, a disc plate 15A is reversed, whereby electrical 
connection between the battery lid 14 and the wound elec 
trode body 20 is disconnected. The positive temperature coef 
ficient device 16 controls the current due to an increase of the 
resistance in response to an increase of the temperature, 
thereby preventing abnormal heat generation to be caused due 
to a large current. The gasket 17 is constituted of for example, 
an insulating material, and asphalt is coated on the Surface 
thereof. 
A centerpin 24 may be inserted on the center of the wound 

electrode body 20. In the wound electrode body 20, a positive 
electrode lead 25 made of a metal material, for example, 
aluminum, etc. is connected to the positive electrode 21; and 
a negative electrode lead 26 made of a metal material, for 
example, nickel, etc. is connected to the negative electrode 
22. The positive electrode lead 25 is electrically connected to 
the battery lid 14 by means of welding with the safety valve 
mechanism 15; and the negative electrode lead 26 is electri 
cally connected to the battery can 11 by means of welding. 

For example, the positive electrode 21 is one in which a 
positive electrode active material layer 21B is provided on the 
both surfaces of a positive electrode collector 21A having a 
pair of surfaces opposing to each other. However, the positive 
electrode active material layer 21 B may be provided on only 
one surface of the positive electrode collector 21A. 
The positive electrode collector 21A is constituted of a 

metal material, for example, aluminum, nickel, stainless 
steel, etc. 
The positive electrode active material layer 21B contains, 

as a positive electrode active material, one or two or more 
positive electrode materials capable of intercalating and 
deintercalating lithium and may further contain other mate 
rials such as a binder and a conductive agent, if desired. 
As the positive electrode material capable of intercalating 

and deintercalating lithium, for example, a lithium-contain 
ing compound is preferable. This is because a high energy 
density is obtainable. Examples of this lithium-containing 
compound include a complex oxide containing lithium and a 
transition metal element and a phosphate compound contain 
ing lithium and a transition metal element. Of these, a com 
pound containing at least one of cobalt, nickel, manganese 
and iron is preferable as a transition metal element. This is 
because a higher Voltage is obtainable. A chemical formula 
thereof is represented by, for example, LiM1O or 
LiM2PO4. In the formulae, each of M1 and M2 represents 
one or more kinds of a transition metal element; and values of 
X and y vary depending upon the charge and discharge State 
and are usually satisfied with the relationships of 
(0.05<x<1.10) and (0.05sys1.10). 

Examples of the complex oxide containing lithium and a 
transition metal element include a lithium cobalt complex 
oxide (Li CoO), a lithium nickel complex oxide (LiNiO), 
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a lithium nickel cobalt complex oxide (LiNiCoO (Z-1)), 
a lithium nickel cobalt manganese complex oxide 
(LiNiCo, MnO, ((V+w)<1)), a lithium manganese 
complex oxide having a spinel type structure (LiMnO) and 
a lithium manganese nickel complex oxide (LiMn 
NiO (t-2)). Of these, cobalt-containing complex oxides are 
preferable. This is because not only a high capacity is obtain 
able, but excellent cycle characteristics are obtainable. Also, 
examples of the phosphate compound containing lithium and 
a transition metal element include a lithium iron phosphate 
compound (LiFePO) and a lithium iron manganese phos 
phate compound (LiFe MnPO (u-1)). 

Moreover, in view of the fact that higher electrode filling 
properties and cycle characteristic are obtainable, a complex 
particle obtained by coating the Surface of a core particle 
composed of any one of lithium-containing compounds rep 
resented by the following general formulae (1) to (5) by a fine 
particle composed of any one of other lithium-containing 
compounds is also useful. 

Li/Co(1M1 O2 F, (1) 
In the general formula (1), M1 represents at least one 

member selected from the group consisting of nickel (Ni). 
manganese (Mn), magnesium (Mg), aluminum (Al), boron 
(B), titanium (Ti), vanadium (V), chromium (Cr), iron (Fe), 
copper (Cu), Zinc (Zn), molybdenum (Mo), tin (Sn), calcium 
(Ca), strontium (Sr) and tungsten (W); and values of f, g, h 
and j are satisfied with the relationships of (0.8sfs 1.2). 
(Osg:0.5), (-0.1 shs0.2) and (Oss0.1). The composition of 
lithium varies depending upon the charge and discharge state, 
and the value off represents a value in the complete discharge 
State. 

LiMn(1-in-Ni, M2,O2 Fa (2) 
In the general formula (2), M2 represents at least one 

member selected from the group consisting of cobalt (Co). 
magnesium (Mg), aluminum (Al), boron (B), titanium (Ti), 
Vanadium (V), chromium (Cr), iron (Fe), copper (Cu), Zinc 
(Zn), Zirconium (Zr), molybdenum (Mo), tin (Sn), calcium 
(Ca), strontium (Sr) and tungsten (W); and values of k, m, n, 
p and q are satisfied with the relationships of (0.8sks 1.2). 
(0<m-0.5), (Osins 0.5), ((m+n)<1), (-0.1 sps0.2) and 
(0sqs0.1). The composition of lithium varies depending 
upon the charge and discharge state, and the value of k rep 
resents a value in the complete discharge state. 

Li,Ni-M3.O.2F, (3) 
In the general formula (3), M3 represents at least one 

member selected from the group consisting of cobalt (Co). 
manganese (Mn), magnesium (Mg), aluminum (Al), boron 
(B), titanium (Ti), vanadium (V), chromium (Cr), iron (Fe), 
copper (Cu), Zinc (Zn), molybdenum (Mo), tin (Sn), calcium 
(Ca), strontium (Sr) and tungsten (W); and values of r, s, tand 
u are satisfied with the relationships of (0.8srs.1.2). 
(0.005sss0.5), (-0.1sts0.2) and (Osus0.1). The composition 
of lithium varies depending upon the charge and discharge 
state, and the value of r represents a value in the complete 
discharge state. 

In the general formula (4), M4 represents at least one 
member selected from the group consisting of cobalt (Co). 
nickel (Ni), magnesium (Mg), aluminum (Al), boron (B), 
titanium (Ti), Vanadium (V), chromium (Cr), iron (Fe), cop 
per (Cu), Zinc (Zn), molybdenum (Mo), tin (Sn), calcium 
(Ca), strontium (Sr) and tungsten (W); and V, W, X and y are 
satisfied with the relationships of (0.9svs1.1), (0sws0.6), 
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(3.75x54.1) and (0sys0.1). The composition of lithium var 
ies depending upon the charge and discharge State, and the 
value of V represents a value in the complete discharge state. 

LiMSPO (5) 

In the general formula (5), M5 represents at least one 
member selected from the group consisting of cobalt (Co), 
manganese (Mn), iron (Fe), nickel (Ni), magnesium (Mg), 
aluminum (Al), boron (B), titanium (Ti), Vanadium (V), nio 
bium (Nb), copper (Cu), Zinc (Zn), molybdenum (Mo), cal 
cium (Ca), strontium (Sr), tungsten (W) and Zirconium (Zr); 
and Z represents a value satisfied with the relationship of 
(0.9szs1.1). The composition of lithium varies depending 
upon the charge and discharge state, and the value of Z rep 
resents a value in the complete discharge state. 

Besides, examples of the positive electrode material 
capable of intercalating and deintercalating lithium include 
oxides Such as titanium oxide, Vanadium oxide and manga 
nese dioxide; disulfides such as titanium disulfide and molyb 
denum sulfide; chalcogenides Such as niobium selenide; Sul 
fur, and conductive polymers such as polyaniline and 
polythiophene. 
As a matter of course, the positive electrode material 

capable of intercalating and deintercalating lithium may be 
other material than those described above. Also, the foregoing 
series of positive electrode materials may be a mixture of two 
or more kinds thereof in an arbitrary combination. 

Examples of the conductive agent include carbon materials 
Such as graphite, carbon black, acetylene black and ketjen 
black. These materials are used singly or in admixture of 
plural kinds thereof. The conductive agent may be a metal 
material or a conductive polymer material or the like so far as 
it is a material having conductivity. 

Examples of the binder include synthetic rubbers such as a 
styrene butadiene based rubber, a fluorocarbon based rubber 
and an ethylene propylene diene based rubber, and polymer 
materials such as polyvinylidene fluoride. These materials 
may be used singly or in admixture of plural kinds thereof. 

For example, the negative electrode 22 is one in which a 
negative electrode active material layer 22B is provided on 
the both surfaces of a negative electrode collector 22A having 
a pair of surfaces opposing to each other. However, the nega 
tive electrode active material layer 22B may be provided on 
only one surface of the negative electrode collector 22A. 
The negative electrode collector 22A is constituted of a 

metal material, for example, copper, nickel, stainless steel, 
etc. It is preferable that the surface of this negative electrode 
collector 22A is roughed. This is because adhesion between 
the negative electrode collector 22A and the negative elec 
trode active material layer 22B is enhanced due to a so-called 
anchor effect. In that case, the Surface of the negative elec 
trode collector 22A may be roughed in at least a region 
opposing to the negative electrode active material layer 22B. 
Examples of a method for achieving roughing include a 
method for forming fine particles by an electrolysis treatment. 
The electrolysis treatment as referred to herein is a method in 
which fine particles are formed on the surface of the negative 
electrode collector 22A in an electrolysis vessel by means of 
electrolysis, thereby providing recesses and projections. A 
copper foil which is prepared by the electrolysis, including 
the copper foil having been roughed by this electrolysis treat 
ment, is generally named as “electrolytic copper foil'. 
The negative electrode active material layer 22B contains, 

as a negative electrode active material, one or two or more 
kinds of a negative electrode material capable of intercalating 
and deintercalating lithium and may contain other materials 
Such as a binder and a conductive agent, if desired. Details 
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regarding the binder and the conductive agent are, for 
example, the same as those in the case of explaining the 
positive electrode 21. Also, it is preferable that the charge 
capacity of the negative electrode material capable of inter 
calating and deintercalating lithium is larger than that by the 
positive electrode active material. This is because a possibil 
ity that lithium is deposited as a dendrite on the negative 
electrode 22 even at the time of full charge is low. 

Examples of the negative electrode material capable of 
intercalating and deintercalating lithium include carbon 
materials. Examples of such a carbon material include easily 
graphitized carbon, hardly graphitized carbon with a (002) 
plane interval of 0.37 nm or more and graphite with a (002) 
plane interval of not more than 0.34 nm. More specifically, 
there are exemplified pyrolytic carbons, cokes, vitreous car 
bon fibers, organic polymer compound baked materials, 
active carbon and carbon blacks. Of these, examples of the 
cokes include pitch coke, needle coke and petroleum coke. 
The organic polymer compound baked material as referred to 
herein is a material obtained through carbonization by baking 
a phenol resin, a furan resin or the like at an appropriate 
temperature. The carbon material is preferable because a 
change in a crystal structure following the intercalation and 
deintercalation of lithium is very small, and therefore, a high 
energy density is obtainable, excellent cycle characteristics 
are obtainable, and the carbon material also functions as a 
conductive agent. The shape of the carbon material may be 
any of a fibrous shape, a spherical shape, a granular shape or 
a flaky shape. 

In addition to the above, as the negative electrode material 
capable of intercalating and deintercalating lithium, a mate 
rial which is capable of intercalating and deintercalating 
lithium and which contains, as a constituent element, at least 
one member selected from the group consisting of metal 
elements and semi-metal elements is also exemplified. This is 
because a high energy density is obtainable. Such a negative 
electrode material may be a simple Substance, an alloy or a 
compound of a metal element or a semi-metal element. Also, 
one having one kind or two or more kinds of a phase in at least 
a part thereof may be used. The “alloy’ as referred to herein 
includes, in addition to alloys composed of two or more kinds 
of a metal element, alloys containing one or more kinds of a 
metal elementandone or more kinds of a semi-metal element. 
Also, the “alloy may containa non-metal element. Examples 
of its texture include a solid solution, a eutectic (eutectic 
mixture), an intermetallic compound and one in which two or 
more kinds thereof coexist. 

Examples of the metal element or semi-metal element 
include a metal element or a semi-metal element capable of 
forming an alloy together with lithium. Specific examples 
thereof include magnesium (Mg), boron (B), aluminum, gal 
lium (Ga), indium (In), silicon (Si), germanium (Ge), tin(Sn), 
lead (Pb), bismuth (Bi), cadmium (Cd), silver (Ag), Zinc (Zn), 
hafnium (Hf), Zirconium (Zr), yttrium (Y), palladium (Pd) 
and platinum (Pt). Examples of the material containing, as a 
constituent element, at least one member of Such metal ele 
ment and semi-metal element include an alloy or a compound 
of Such a metal element or semi-metal element. Specific 
examples thereof include compounds represented by chemi 
cal formulae: MasMbtLiu (wherein values of s, t and u are 
satisfied with the relationships of s-0, ta.0 and u-0, respec 
tively) and MapMcqMdr (wherein values of p, q and r are 
satisfied with the relationships of p-0, q>0 and re0, respec 
tively). In the foregoing chemical formulae, Ma represents at 
least one member selected from the group consisting of metal 
elements and semi-metal elements each capable of forming 
an alloy together with lithium; Mb represents at least one 
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member selected from the group consisting of metal elements 
and semi-metal elements other than lithium and Ma.; Mc 
represents at least one non-metal element; and Md represents 
at least one member selected from the group consisting of 
metal elements and semi-metal elements other than Ma. 
These materials may be crystalline or amorphous. 
As the negative electrode material which is constituted of a 

metal element or a semi-metal element capable of forming an 
alloy together with lithium, materials containing, as a con 
stituent element, at least one member selected from metal 
elements and semi-metal elements belonging to the Group 14 
in the long form of the periodic table are preferable; and 
materials containing, as a constituent element, at least one 
member of silicon and tin are especially preferable. This is 
because in Such a material, a capability for intercalating and 
deintercalating lithium is large, and therefore, a high energy 
density is obtainable. 

Examples of the negative electrode material containing at 
least one member of silicon and tin include a simple Sub 
stance, an alloy or a compound of silicon; a simple Substance, 
an alloy or a compound of tin; and a material having one or 
two or more kinds of a phase in at least a part thereof. 

Examples of the alloyed silicon include alloys containing, 
as a second constituent element other than silicon, at least one 
member selected from the group consisting of tin, nickel, 
copper, iron, cobalt, manganese, Zinc, indium, silver, tita 
nium, germanium, bismuth, antimony (Sb) and chromium. 
Examples of the silicon compound include compounds con 
taining oxygen or carbon (C), and these compounds may 
contain, in addition to silicon, the foregoing second constitu 
ent element. Examples of the alloyed silicon or silicon com 
pound include SiB, SiB, Mg-Si, NiSi, TiSi, MoSi, 
CoSi, NiSi, CaSi CrSi, CuSi, FeSi, MnSi, NbSi. 
TaSi, VSi, WSi, ZnSi, SiC. SiN. SiNO, SiO, (0<v 2) 
and LiSiO. 

Examples of the alloyed tin include alloys containing, as a 
second constituent element other than tin, at least one mem 
ber selected from the group consisting of silicon, nickel, 
copper, iron, cobalt, manganese, Zinc, indium, silver, tita 
nium, germanium, bismuth, antimony and chromium. 
Examples of the tin compound include compounds contain 
ing oxygen or carbon, and these compounds may contain, in 
addition to tin, the foregoing second constituent element. 
Examples of the alloyed tin or tin compound include 
SnO, (0<ws2), SnSiO, LiSnO and MgSn. 
As the negative electrode material containing at least one 

member of silicon and tin, for example, a material containing 
tin as a first constituent element and in addition to this, second 
and third constituent elements is especially preferable. The 
second constituent element is at least one member selected 
from the group consisting of cobalt, iron, magnesium, tita 
nium, Vanadium (V), chromium, manganese, nickel, copper, 
Zinc, gallium, Zirconium, niobium (Nb), molybdenum, silver, 
indium, cerium (Ce), hafnium, tantalum (Ta), tungsten (W), 
bismuth and silicon. The third constituent element is at least 
one member selected from the group consisting of boron, 
carbon, aluminum and phosphorus (P). This is because in 
view of the fact that the second and third constituent elements 
are contained, cycle characteristics are enhanced. 
Above of all, the negative electrode material is preferably 

an SnCoC-containing material containing tin, cobalt and car 
bon as constituent elements and having a content of carbon of 
9.9% by mass or more and not more than 29.7% by mass and 
a proportion of cobalt to the total sum of tin and cobalt 
(Co/(Sn+Co)) of 30% by mass or more and not more than 
70% by mass. This is because a high energy density is obtain 
able in the foregoing composition range. 
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This SnCoC-containing material may further contain other 
constituent elements, if desired. As other constituent ele 
ments, for example, silicon, iron, nickel, chromium, indium, 
niobium, germanium, titanium, molybdenum, aluminum, 
phosphorus, gallium and bismuth are preferable. The SnCoC 
containing material may contain two or more kinds of these 
elements. This is because higher effects are obtainable. 
The SnCoC-containing material has a phase containing tin, 

cobalt and carbon, and this phase is preferably a lowly crys 
talline or amorphous phase. This phase is a reaction phase 
which is reactive with lithium, and excellent cycle character 
istics are obtainable by this phase. In the case of using CuKO 
rays as specified X-rays and defining a Sweep rate at 1°/min, 
a half width value of a diffraction peak obtained by X-ray 
diffraction of this phase is preferably 1.0° or more in terms of 
a diffraction angle 20. This is because not only lithium is more 
smoothly intercalated and deintercalated, but the reactivity 
with an electrolyte is reduced. 

Whether or not the diffraction peak obtained by the X-ray 
diffraction is corresponding to the reaction phase which is 
reactive with lithium can be easily determined by comparing 
an X-ray diffraction chart before and after an electrochemical 
reaction with lithium. For example, when a position of the 
diffraction peak changes before and after the electrochemical 
reaction with lithium, it is determined that the diffraction 
peak is corresponding to the reaction phase which is reactive 
with lithium. In that case, for example, a diffraction peak of a 
lowly crystalline or amorphous reaction phase is observed in 
the range of from 20° and 50° in terms of 20. This lowly 
crystalline or amorphous reaction phase contains, for 
example, the foregoing respective constituent elements, and it 
may be considered that this phase is lowly crystallized or 
amorphized chiefly by carbon. 

There may be the case where the SnCoC-containing mate 
rial has, in addition to the lowly crystalline or amorphous 
phase, a phase containing a simple Substance or a part of each 
of the constituent elements. 

In particular, in the SnCoC-containing material, it is pref 
erable that at least a part of carbon as the constituent element 
is bonded to the metal elementor semi-metal element as other 
constituent element. This is because cohesion or crystalliza 
tion of tin or the like is Suppressed. 

Examples of a measurement method for examining the 
bonding state of elements include X-ray photoelectron spec 
troscopy (XPS). This XPS is a method in which soft X-rays 
(using Al-KCl rays or Mg-KC. rays in commercially available 
units) are irradiated on the Surface of a sample, and kinetic 
energy of photoelectrons which fly out from the sample Sur 
face are measured, thereby examining an element composi 
tion and a bonding state of elements in a region of several nm 
from the sample Surface. 
The bound energy of an inner orbital electron of an element 

changes in correlation with a charge density on the element 
from the standpoint of primary approximation. For example, 
in the case where the charge density of a carbon element is 
reduced due to an interaction with an element existing in the 
vicinity of the carbon element, an outer electron Such as a 2p 
electron is reduced, and therefore, a 1s electron of the carbon 
element receives a strong constraining force from the shell. 
That is, when the charge density of an element is reduced, the 
bound energy becomes high. In XPS, when the bound energy 
increases, a peak is shifted into a high energy region. 

In XPS, so far as graphite is concerned, a peak of a 1s orbit 
of carbon (C1 s) appears at 284.5 eV in a unit in which the 
energy is calibrated Such that a peak of a 4f orbit of a gold 
atom (Au4f) is obtained at 84.0 eV. Also, so far as the surface 
contamination carbon is concerned, the peak of C1s appears 
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at 284.8 eV. On the contrary, in the case where the charge 
density of the carbon element becomes high, for example, 
when bonded to a more positive element than carbon, the peak 
of C1s appears in a lower region than 284.5 eV. That is, in the 
case where at least a part of carbons contained in the SnCoC 
containing material is bonded to a metal element or a semi 
metal element as other constituent element or the like, a peak 
of a composite wave of C1s obtained regarding the SnCoC 
containing material appears in a lower region than 284.5 eV. 

In the case of carrying out the XPS measurement, it is 
preferable that in covering the surface by the surface contami 
nation carbon, the Surface is lightly sputtered by an argonion 
gun attached to the XPS unit. Also, in the case where the 
SnCoC-containing material to be measured exists in the nega 
tive electrode 22, it would be better that after taking apart the 
secondary battery, the negative electrode 22 is taken out and 
then rinsed with a volatile solvent such as dimethyl carbonate. 
This is made for the purpose of removing a solvent with low 
volatility and an electrolyte salt existing on the surface of the 
negative electrode 22. It is desirable that their sampling is 
carried out in an inert atmosphere. 

Also, in the XPS measurement, for example, the peak of 
C1s is used for correcting the energy axis of a spectrum. In 
general, since the Surface contamination carbon exists on the 
material Surface, the peak of C1s of the Surface contamination 
carbon is fixed at 284.8 eV and employed as an energy refer 
ence. In the XPS measurement, the waveform of the peak of 
C1s is obtained as a form including the peak of the Surface 
contamination carbon and the peak of carbon in the SnCoC 
containing material, and therefore, the peak of the Surface 
contamination carbon and the peak of carbon in the SnCoC 
containing material are separated by, for example, analysis 
using a commercially available software program. In the 
analysis of the waveform, a position of a main peak existing 
on the lowest bound energy side is employed as an energy 
reference (284.8 eV). 

This SnCoC-containing material can be formed by, for 
example, melting a mixture obtained by mixing raw materials 
of the respective constituent elements in an electric furnace, a 
high frequency induction furnace, an arc furnace, etc. and 
then Solidifying the melt. Also, various atomizing methods 
Such as gas atomization and water atomization, various roll 
ing methods or methods utilizing a mechanochemical reac 
tion Such as a mechanical alloying method and a mechanical 
milling method may be adopted. Of these, a method utilizing 
a mechanochemical reaction is preferable. This is because the 
SnCoC-containing material is converted so as to have a lowly 
crystalline or amorphous structure. In the method utilizing a 
mechanochemical reaction, for example, a planetary ball mill 
unit or a manufacturing unit Such as an attritor can be used. 

For the raw material, though a simple Substance of the 
respective constituent elements may be mixed, it is preferable 
to use an alloy with respect to a part of the constituent ele 
ments other than carbon. This is because by adding carbon to 
Such an alloy and synthesizing the raw material by a method 
utilizing a mechanical alloying method, a lowly crystalline or 
amorphous structure is obtained, and the reaction time is 
shortened, too. The form of the raw material may be a powder 
or a block. 

In addition to this SnCoC-containing material, an SnCo 
FeC-containing material having tin, cobalt, iron and carbon 
as constituent elements is also preferable. A composition of 
this SnCoFeC-containing material can be arbitrarily set up. 
For example, in the case where a content of iron is set up low, 
a composition in which a content of carbon is 9.9% by mass 
or more and not more than 29.7% by mass, a content of iron 
is 0.3% by mass or more and not more than 5.9% by mass, and 
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a proportion of cobalt to the total sum of tin and cobalt 
(Co/(Sn+Co)) is 30% by mass or more and not more than 70% 
by mass is preferable. Also, for example, in the case where a 
content of iron is set up high, a composition in which a content 
of carbon is 11.9% by mass or more and not more than 29.7% 
by mass, a proportion of the total sum of cobalt and iron to the 
total sum of tin, cobalt and iron ((Co+Fe)/(Sn+Co+Fe)) is 
26.4% by mass or more and not more than 48.5% by mass, 
and a proportion of cobalt to the total sum of cobalt and iron 
(Co/(Co-Fe)) is 9.9% by mass or more and not more than 
79.5% by mass is preferable. This is because a high energy 
density is obtainable in the foregoing composition range. The 
crystallinity, measurement method of the bonding state of 
elements and formation method of this SnCoFeC-containing 
material and the like are the same as in the foregoing SnCoC 
containing material. 
The negative electrode active material layer 22B using, as 

a negative electrode material capable of intercalating and 
deintercalating lithium, a simple Substance, an alloy or a 
compound of silicon, a simple Substance, an alloy or a com 
pound of tin or a material containing one or two or more kinds 
of phases thereof in at least a part thereof is formed by, for 
example, a vapor phase method, a liquid phase method, a 
spraying method, a coating method, a baking method or a 
combined method of two or more kinds of these methods. In 
that case, it is preferable that the negative electrode collector 
22A and the negative electrode active material layer 22B are 
alloyed on at least a part of the interface therebetween. In 
detail, on the interface between the both, the constituent ele 
ments of the negative electrode collector 22A may be diffused 
into the negative electrode active material layer 22B, the 
constituent elements of the negative electrode active material 
layer 22B may be diffused into the negative electrode collec 
tor 22A, or these constituent elements may be mutually dif 
fused. This is because not only breakage to be caused due to 
expansion and shrinkage of the negative electrode active 
material layer 22B at the time of charge and discharge can be 
Suppressed, and electron conductivity between the negative 
electrode collector 22A and the negative electrode active 
material layer 22B is enhanced. 

Examples of the vapor phase method include a physical 
deposition method and a chemical deposition method, spe 
cifically a vacuum vapor deposition method, a sputtering 
method, an ion plating method, a laser abrasion method, a 
thermal chemical vapor deposition (CVD) method and a 
plasma chemical vapor deposition method. As the liquid 
phase method, known techniques such as electrolytic plating 
and non-electrolytic plating can be adopted. The coating 
method as referred to herein is, for example, a method in 
which after mixing a granular negative electrode active mate 
rial with a binder and the like, the mixture is dispersed in a 
solvent and coated. The baking method as referred to herein 
is, for example, a method in which after coating by a coating 
method, the coated material is heat treated at a higher tem 
perature than a melting point of the binder, etc. As to the 
baking method, known techniques can be utilized, too, and 
examples thereof include an atmospheric baking method, a 
reaction baking method and a hot press baking method. 

Also, examples of the negative electrode material capable 
of intercalating and deintercalating lithium include metal 
oxides and polymer compounds capable of intercalating and 
deintercalating lithium. Examples of the metal oxide include 
iron oxide, ruthenium oxide and molybdenum oxide; and 
examples of the polymer compound include polyacetylene, 
polyaniline and polypyrrole. 
As a matter of course, the negative electrode material 

capable of intercalating and deintercalating lithium may be a 
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material other than those described above. Also, the foregoing 
series of negative electrode materials may be a mixture of two 
or more kinds thereof in an arbitrary combination. 
The negative electrode active material made of the forego 

ing negative electrode material is composed of plural gran 
ules. That is, the negative electrode active material layer 22B 
has plural negative electrode active material particles, and the 
negative electrode active material particle is formed by, for 
example, the foregoing vapor phase method, etc. However, 
the negative electrode active material particle may be formed 
by a method other than the vapor phase method. 

In the case where the negative electrode active material 
particle is formed by a deposition method such as a vapor 
phase method, the negative electrode active material particle 
may have a single-layered structure formed through a single 
deposition step, or may have a multilayered structure formed 
through plural deposition steps. However, in the case where 
the negative electrode active material particle is formed by a 
vapor deposition method accompanied with high heat at the 
time of deposition, it is preferable that the negative electrode 
active material particle has a multilayered structure. This is 
because when the deposition step of the negative electrode 
material is carried out in a divided manner of plural times (the 
negative electrode material is successively formed thin and 
deposited), the time when the negative electrode collector 
22A is exposed at high temperatures becomes short, and a 
thermal damage is hardly given as compared with the case of 
carrying out the deposition step once. 

For example, this negative electrode active material par 
ticle grows in a thickness direction of the negative electrode 
active material layer 22B from the surface of the negative 
electrode collector 22A and is connected to the negative elec 
trode collector 22A in a root thereof. In that case, it is pref 
erable that the negative electrode active material particle is 
formed by a vapor phase method and alloyed on at least a part 
of the interface with the negative electrode collector 22A as 
described previously. In detail, on the interface between the 
both, the constituent elements of the negative electrode col 
lector 22A may be diffused into the negative electrode active 
material particle, the constituent elements of the negative 
electrode active material particle may be diffused into the 
negative electrode collector 22A, or the constituent elements 
of the both may be mutually diffused. 

In particular, it is preferable that the negative electrode 
active material layer 22B has an oxide-containing film for 
coating the Surface of the negative electrode active material 
particle (region coming into contact with the electrolytic 
Solution), if desired. This is because the oxide-containing film 
functions as a protective film against the electrolytic solution, 
and even when charge and discharge are repeated, a decom 
position reaction of the electrolytic Solution is Suppressed, 
and therefore, the cycle characteristics are enhanced. This 
oxide-containing film may coat a part or the whole of the 
Surface of the negative electrode active material particle. 

This oxide-containing film contains an oxide of a metal 
element or a semi-metal element. Examples of the oxide of a 
metal element or a semi-metal element include oxides of 
aluminum, silicon, Zinc, germanium, tin or the like. Of these, 
it is preferable that the oxide-containing film contains an 
oxide of at least one member selected from the group con 
sisting of silicon, germanium and tin; and it is especially 
preferable that the oxide-containing film contains an oxide of 
silicon. This is because not only it is easily coated over the 
entire Surface of the negative electrode active material par 
ticle, but an excellent protective function is obtainable. As a 
matter of course, the oxide-containing film may contain an 
oxide other than those described above. 
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This oxide-containing film is, for example, formed using 
one or two or more kinds of a method including a vapor phase 
method and a liquid phase method. In that case, examples of 
the vapor phase method include a vapor deposition method, a 
sputtering method and a CVD method; and examples of the 
liquid phase method include a liquid phase deposition 
method, a sol-gel method, a polysilaZane method, an elec 
trodeposition method, a coating method and a dip coating 
method. Of these, a liquid phase method is preferable, and a 
liquid phase deposition method is more preferable. This is 
because the surface of the negative electrode active material 
particle can be easily coated over a wide range thereof. In the 
liquid phase deposition method, first of all, in a solution 
containing not only a fluoride complex of a metal element or 
a semi-metal element and, as an anion Scavenger, a solution 
species which is easy to coordinate to a fluoride ion, the 
fluoride ion generated from the fluoride complex is scavenged 
by the anion Scavenger, thereby depositing an oxide of the 
metal element or semi-metal element so as to coat the Surface 
of the negative electrode active material particle. Thereafter, 
an oxide-containing film is formed by washing with water and 
drying. 

Also, it is preferable that the negative electrode active 
material layer 22B has a metal material which is not alloyed 
with an electrode reactant in a gap between particles of the 
negative electrode active material particle or in a gap within 
the particle, if desired. This is because not only the plural 
negative electrode active material particles are bound to each 
other via the metal material, but in view of the fact that the 
metal material exists in the foregoing gap, expansion and 
shrinkage of the negative electrode active material layer 22B 
are Suppressed, whereby the cycle characteristics are 
enhanced. 

For example, this metal material contains, as a constituent 
element, a metal element which is not alloyed with lithium. 
Examples of Such a metal element include at least one mem 
ber selected from the group consisting of iron, cobalt, nickel, 
Zinc and copper. Of these, cobalt is preferable. This is because 
not only the metal material is easy to come into the foregoing 
gap, but an excellent binding action is obtainable. As a matter 
of course, the metal material may contain a metal element 
other than those described above. However, the “metal mate 
rial” as referred to herein is a broad concept including not 
only simple Substances but alloys and metal compounds. This 
metal material is formed by, for example, a vapor phase 
method or a liquid phase method. Of these, a liquid phase 
method such as an electrolytic plating method and a non 
electrolytic plating method is preferable, and an electrolytic 
plating method is more preferable. This is because not only 
the metal material is easy to come into the foregoing gap, but 
the formation time may be shortened. 

The negative electrode active material layer 22B may con 
tain either one or both of the foregoing oxide-containing film 
and metal material. However, in order to more enhance the 
cycle characteristics, it is preferable that the negative elec 
trode active material layer 22B contains the both of them. 
A detail configuration of the negative electrode 22 is here 

under described with reference to FIGS. 3, 4, 5A, 5B, 6A and 
6B. 

First of all, the case where a negative electrode active 
material layer 2 (22B) has an oxide-containing film together 
with plural negative electrode active material particles is 
described. FIG.3 schematically shows a sectional structure of 
the negative electrode 22; and FIG. 4 schematically shows a 
sectional structure of a negative electrode of the Referential 
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Examples. FIGS. 3 and 4 show the case where the negative 
electrode active material particle has a single-layered struc 
ture. 

In the negative electrode 22 of the case where the negative 
electrode active material layer 2 has an oxide-containing film 
together with plural negative electrode material particles, as 
shown in FIG. 3, for example, when a negative electrode 
material is deposited on a negative electrode collector 1 (22A) 
by a vapor phase method Such as a vapor deposition method, 
plural negative electrode active material particles 201 are 
formed on the negative electrode collector 1. In that case, 
when the surface of the negative electrode collector 1 is 
roughed, and plural projections (for example, fine particles 
formed by means of an electrolysis treatment) are present, the 
negative electrode active material particles 201 grow in every 
projection in a thickness direction; and therefore, the plural 
negative electrode active material particles 201 are arranged 
on the negative electrode collector 1 and also connected to the 
surface of the negative electrode collector 1 in a root thereof. 
Thereafter, for example, when an oxide-containing film 202 
is formed on the surface of the negative electrode active 
material particle 201 by a liquid phase method Such as a liquid 
phase deposition method, the oxide-containing film 202 coats 
the surface of the negative electrode active material particle 
201 over substantially the entirety thereof, and in particular, it 
coats a wide range of from the top to the root of the negative 
electrode active material particle 201. The coating state over 
a wide range by this oxide-containing film 202 is a charac 
teristic feature obtained in the case where the oxide-contain 
ing film 202 is formed by the liquid phase method. That is, 
when the oxide-containing film 202 is formed by the liquid 
phase method, its coating action extends to not only the top of 
the negative electrode active material particle 201 but the root 
thereof, and therefore, the root is coated by the oxide-con 
taining film 202. 
On the contrary, in a negative electrode of the Referential 

Examples, as shown in FIG. 4, for example, when the plural 
negative electrode active material particles 201 are formed by 
a vapor phase method, and thereafter, an oxide-containing 
film 203 is similarly formed by a vapor phase method, the 
oxide-containing film 203 coats only the top of the negative 
electrode active material particle 201. The coating state in a 
narrow range by this oxide-containing film 203 is a charac 
teristic feature obtained in the case where the oxide-contain 
ing film 203 is formed by the vapor phase method. That is, 
when the oxide-containing film 203 is formed by the vapor 
phase method, though its coating action extends to the top of 
the negative electrode active material particle 201, it does not 
extend to the root thereof, and therefore, the root is not coated 
by the oxide-containing film 203. 

In FIG. 3, the case where the negative electrode active 
material layer 2 is formed by the vapor phase method has been 
described. However, even in the case where the negative 
electrode active material layer 2 is formed by a sintering 
method or the like, the oxide-containing film is similarly 
formed so as to coat the Surfaces of the plural negative elec 
trode material particles over substantially the entirety thereof. 

Next, the case where the negative electrode active material 
layer 2 has a metal material which is not alloyed with an 
electrode reactant together with plural negative electrode 
active material particles is described. Each of FIGS.5A and 
5B shows enlargedly a sectional structure of the negative 
electrode 22, in which FIG. 5A is a photograph (secondary 
electron image) by a scanning electron microscope (SEM), 
and FIG. 5B is a schematic view of the SEM image shown in 
FIG. 5A. Each of FIGS. 5A and 5B shows the case where 



US 9,209,480 B2 
57 

plural negative electrode active material particles 201 have a 
multilayered structure within the particle. 

In the case where the negative electrode active material 
particle 201 has a multilayered structure, plural gaps 204 are 
generated in the negative electrode active material layer 2 due 
to an arrangement structure, a multilayered structure and a 
Surface structure of the plural negative electrode active mate 
rial particles 201. This gap 204 includes two types of gaps 
204A and 204B to be classified chiefly depending upon the 
generation cause. The gap 204A is generated between the 
adjacent negative electrode active material particles 201 to 
each other; and the gap 204B is generated between the respec 
tive layers within the negative electrode active material par 
ticle 201. 

There may be the case where avoid 205 is generated on the 
exposed surface (outermost Surface) of the negative electrode 
active material particle 201. Following the generation of a 
fine projection in a whisker form (not illustrated) on the 
surface of the negative electrode active material particle 201, 
this void 205 is generated between the projections. There may 
be the case where this void 205 is generated over the entirety 
on the exposed Surface of the negative electrode active mate 
rial particle 201 or the case where the void 205 is generated 
only in a part of the exposed surface of the negative electrode 
active material particle 201. However, the foregoing projec 
tion in a whisker form is generated on the Surface of the 
negative electrode active material particle 201 every time of 
the formation thereof, and therefore, there may be the case 
where the void 205 is generated not only on the exposed 
surface of the negative electrode active material particle 201 
but between the respective layers. 

Each of FIGS. 6A and 6B shows othersectional structure of 
the negative electrode 22 and is corresponding to FIGS. 5A 
and 5B, respectively. The negative electrode active material 
layer 2 has a metal material 206 which is not alloyed with an 
electrode reactant in the gaps 204A and 204B. In that case, 
though either one of the gaps 204A or 204B may have the 
metal material 206, it is preferable that both of the gaps 204A 
and 204B have the metal material 206. This is because higher 
effects are obtainable. 

This metal material 206 comes into the gap 204A between 
the adjacent negative electrode active material particles 201 
to each other. In detail, in the case where the negative elec 
trode active material particle 201 is formed by a vapor phase 
method or the like, as described previously, the negative elec 
trode active material particle 201 grows in every projection 
existing on the Surface of the negative electrode collector 1, 
and therefore, the gap 204A is generated between the adjacent 
negative electrode active material particles 201 to each other. 
This gap 204A becomes a cause to lower binding properties 
of the negative electrode active material layer 2, and there 
fore, in order to enhance the binding properties, the metal 
material 206 is filled in the gap 204A. In that case, though the 
metal material 206 may be filled even in a part of the gap 
204A, it is preferable that the filling amount of the metal 
material 206 is as large as possible. This is because the bind 
ing properties of the negative electrode active material layer 2 
are more enhanced. The filling amount of the metal material 
206 is preferably 20% or more, more preferably 40% or more, 
and further properly 80% or more. 

Also, the metal material 206 comes into the gap 204B 
within the negative electrode active material particle 201. In 
detail, in the case where the negative electrode active material 
particle 201 has a multilayered structure, the gap 204B is 
generated between the respective layers. Similar to the fore 
going gap 204A, this gap 204B becomes a cause to lower 
binding properties of the negative electrode active material 
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layer 2, and therefore, in order to enhance the binding prop 
erties, the metal material 206 is filled in the foregoing gap 
204B. In that case, though the metal material 206 may be 
filled even in a part of the gap 204B, it is preferable that the 
fillingamount of the metal material 206 is as large as possible. 
This is because the binding properties of the negative elec 
trode active material layer 2 are more enhanced. 

In the negative electrode active material layer 2, in order to 
prevent adverse influences of a fine projection (not illus 
trated) in a whisker form, which is generated on the exposed 
surface of the negative electrode active material particle 201 
in the uppermost layer, against the performance of a second 
ary battery, the metal material 206 may be present in the void 
205. In detail, in the case where the negative electrode active 
material particle 201 is formed by a vapor phase method or 
the like, since a fine projection in a whisker form is generated 
on the surface thereof, the void 205 is generated between the 
projections. This void 205 introduces an increase of the sur 
face area of the negative electrode active material particle 201 
and increases the amount of an irreversible film formed on the 
surface thereof, and therefore, there is a possibility that a 
lowering of the degree of progress of an electrode reaction 
(charge and discharge reaction) is caused. Accordingly, in 
order to Suppress a lowering of the degree of progress of an 
electrode reaction, the metal material 206 is embedded in the 
foregoing void 205. In that case, though even a part of the void 
205 may be embedded, it is preferable that the embedding 
amount is as large as possible. This is because a lowering of 
the degree of progress of an electrode reaction is more Sup 
pressed. In FIGS. 6A and 6B, what the metal material 206 is 
interspersed on the surface of the negative electrode active 
material particle 201 in the uppermost layer demonstrates that 
the foregoing fine projection exists in the interspersed area. 
As a matter of course, it is not always the case that the metal 
material 206 must be interspersed on the surface of the nega 
tive electrode active material particle 201, but the metal mate 
rial 206 may coat the entire surface thereof. 

In particular, the metal material 206 which has come into 
the gap 204B also functions to embed the void 205 in the 
respective layers. In detail, in the case where the negative 
electrode material is deposited plural times, the foregoing fine 
projection is generated on the Surface of the negative elec 
trode active material particle 201 every time of the deposition. 
As noted from this fact, the metal material 206 is filled in the 
gap 204B in the respective layers and also embedded in the 
void 205 in the respective layers. 

In FIGS.5A and 5B and FIGS. 6A and 6B, the case where 
the negative electrode active material particle 201 has a mul 
tilayered structure, and the both of the gaps 204A and 204B 
exist in the negative electrode active material layer 2 has been 
described, and therefore, the negative electrode active mate 
rial layer 2 has the metal material 206 in the gaps 204A and 
204B. On the contrary, in the case where the negative elec 
trode active material particle 201 has a single-layered struc 
ture, and only the gap 204A exists in the negative electrode 
active material layer 2, the negative electrode active material 
layer 2 has the metal material 206 only in the gap 204A. As a 
matter of course, since the void 205 is generated in the both 
cases, the metal material 206 is present in the void 205 in all 
of the cases. 
The separator 23 partitions the positive electrode 21 and 

the negative electrode 22 from each other and allows a lithium 
ion to pass therethrough while preventing a short circuit of the 
current to be caused due to the contact of the both electrodes. 
This separator 23 is, for example, a porous film having an 
average pore size of about 5um or less, and specific examples 
thereof include a porous film made of a synthetic resin Such as 
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polytetrafluoroethylene, polypropylene and polyethylene; a 
porous film made of a ceramic; and a laminate of two or more 
kinds of these porous films. Above all, a polyolefin-made 
porous membrane is preferable because it is excellent in an 
effect for preventing a short circuit from occurring and is able 
to contrive to enhance the safety of the secondary battery due 
to a shutdown effect. In particular, polyethylene is preferable 
because it is able to obtain a shutdown effect within a tem 
perature range of 100° C. or higher and not higher than 160° 
C. and is excellent in electrochemical stability. Also, polypro 
pylene is preferable. Besides, a resin may be used upon being 
copolymerized or blended with polyethylene or polypropy 
lene so far as it is provided with chemical stability. 

Examples of other materials than those described above 
include polypropylene, polyvinylidene fluoride, polytet 
rafluoroethylene, aramid, polyimide and polyacrylonitrile. 
These materials may be used singly, or two or more kinds 
thereof can be used upon being mixed or polymerized. A 
polyolefin-made porous membrane is preferable because it is 
excellent in an effect for preventing a short circuit from occur 
ring and is able to contrive to enhance the safety of the battery 
due to a shutdown effect. 

Also, though there is no particular limitation, typically, it is 
preferable to form a polyethylene layer as an interlayer and to 
provide a layer made of other material than those described 
above and having the same composition on one or both Sur 
faces thereof. 
The foregoing electrolytic Solution is impregnated as a 

liquid nonaqueous electrolyte in the separator 23. This is 
because cycle characteristics are enhanced. 

This secondary battery is, for example, manufactured 
according to the following procedures. 
The positive electrode 21 is first prepared. First of all, a 

positive electrode active material, a binder and a conductive 
agent are mixed to form a positive electrode mixture, which is 
then dispersed in an organic solvent to form a positive elec 
trode mixture slurry in a paste form. Subsequently, the posi 
tive electrode mixture slurry is uniformly coated on the both 
surfaces of the positive electrode collector 21A by a doctor 
blade or a barcoater or the like and then dried. Finally, the film 
is compression molded by a roll press or the like while heat 
ing, if desired, thereby forming the positive electrode active 
material layer 21B. In that case, the compression molding 
may be repeated plural times. 

Subsequently, the negative electrode 22 is prepared. First 
of all, the negative electrode collector 22A made of an elec 
trolytic copper foil or the like is prepared, and a negative 
electrode material is then deposited on the both surfaces of the 
negative electrode collector 22A by a vapor phase method 
Such as a vapor deposition method, thereby forming plural 
negative electrode active material particles. Finally, if 
desired, an oxide-containing film is formed by a liquid phase 
method such as a liquid phase deposition method, or a metal 
material is formed by a liquid phase method such as an elec 
trolytic plating method, thereby forming the negative elec 
trode active material layer 22B. 

Subsequently, the positive electrode lead 25 is installed in 
the positive electrode collector 21A by means of welding, 
etc., and the negative electrode lead 26 is also installed in the 
negative electrode collector 22A by means of welding, etc. 
Thereafter, the positive electrode 21 and the negative elec 
trode 22 are laminated via the separator 23 and then wound in 
a longitudinal direction to prepare the wound electrode body 
20. 

Assembling of a secondary battery is carried out in the 
following manner. The center pin 24 is first inserted on the 
center of the wound electrode body 20. Subsequently, the 
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wound electrode body 20 is housed in the inside of the battery 
can 11 while being interposed between a pair of the insulating 
plates 12 and 13; and a tip end of the positive electrode lead 25 
is welded with the safety valve mechanism 15, whereas a tip 
end of the negative electrode lead 26 is welded with the 
battery can 11. Subsequently, an electrolytic solution is 
injected into the inside of the battery can 11 and impregnated 
in the separator 23. Finally, the battery lid 14, the safety valve 
mechanism 15 and the positive temperature coefficient device 
16 are fixed to the open end of the battery can 11 upon being 
caulked via the gasket 17. There is thus completed the sec 
ondary battery shown in FIGS. 1 and 2. 

In this secondary battery, when charged, for example, a 
lithium ion is deintercalated from the positive electrode 21 
and intercalated in the negative electrode 22 via the electro 
lytic solution impregnated in the separator 23. On the other 
hand, when discharged, for example, a lithium ion is deinter 
calated from the negative electrode 22 and intercalated in the 
positive electrode 21 via the electrolytic solution impregnated 
in the separator 23. 

According to this secondary battery of a cylindrical type, in 
the case the capacity of the negative electrode 22 is expressed 
on the basis of intercalation and deintercalation of lithium, 
since this secondary battery is provided with the foregoing 
nonaqueous electrolyte, even when charge and discharge are 
repeated, the decomposition reaction of the electrolytic solu 
tion is Suppressed. Accordingly, the cycle characteristics can 
be enhanced. 

In particular, in the case where the negative electrode 22 
contains a material having silicon or tin which is advanta 
geous for realizing a high capacity (a material capable of 
intercalating and deintercalating lithium and having at least 
one member selected from the group consisting of metal 
elements and semi-metal elements), the cycle characteristics 
are enhanced, and therefore, high effects can be obtained as 
compared with the case containing other negative material 
Such as carbon materials. 

Other effects regarding this secondary battery are the same 
as those in the foregoing case regarding the nonaqueous elec 
trolyte. 

(Second Secondary Battery) 
Next, a second secondary battery is described below. Con 

stituent elements which are common to those in the first 
secondary battery are given the same symbols, and explana 
tions thereofare omitted. The second secondary battery is a 
lithium metal secondary battery in which the capacity of the 
negative electrode 22 is expressed on the basis of deposition 
and dissolution of lithium. This secondary battery has the 
same configuration as in the first secondary battery exclusive 
of a point that the negative electrode active material layer 22B 
is constituted of a lithium metal, and is manufactured in the 
same procedures. 

This secondary battery uses a lithium metal as the negative 
electrode active material, and according to this, a high energy 
density can be obtained. The negative electrode active mate 
rial layer 22B may be previously provided at the time of 
assembling. However, it may be absent at the time of assem 
bling but may be constituted of a lithium metal deposited at 
the time of charge. Also, the negative electrode collector 22A 
may be omitted by utilizing the negative electrode active 
material layer 22B as a collector, too. 

In this secondary battery, when charged, for example, a 
lithium ion is deintercalated from the positive electrode 21 
and deposited as a lithium metal on the Surface of the negative 
electrode collector 22A via the electrolytic solution. On the 
other hand, when discharged, for example, a lithium metal is 
eluted as a lithium ion from the negative electrode active 
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material layer 22B and intercalated in the positive electrode 
21 via the electrolytic solution. 

According to this secondary battery of a cylindrical type, in 
the case the capacity of the negative electrode 22 is expressed 
on the basis of deposition and dissolution of lithium, since 
this secondary battery is provided with the foregoing electro 
lytic Solution, the cycle characteristics can be enhanced. 
Other effects regarding this secondary battery are the same as 
those in the foregoing case regarding the nonaqueous elec 
trolyte. 

(Third Secondary Battery) 
FIG. 7 shows an exploded perspective configuration of a 

third secondary battery. This secondary battery is chiefly one 
in which a wound electrode body 30 having a positive elec 
trode lead 31 and a negative electrode lead32 installed therein 
is housed in the inside of an exterior member 40 in a film 
form. The battery structure using this exterior member 40 in 
a film form is called a laminated film type. 
The positive electrode lead 31 and the negative electrode 

lead 32 are each led out in, for example, the same direction 
from the inside toward the outside of the exterior member 40. 
The positive electrode lead31 is made of a metal material, for 
example, aluminum, etc. Also, the negative electrode lead 32 
is made of a metal material, for example, copper, nickel, 
stainless steel, etc. Such a metal material which constitutes 
each of the positive electrode lead 31 and the negative elec 
trode lead 32 is, for example, formed in a thin plate state or 
network State. 
The exterior member 40 is constituted of, for example, a 

rectangular aluminum laminated film obtained by Sticking a 
nylon film, an aluminum foil and a polyethylene film in this 
order. For example, this exterior member 40 has a structure in 
which the respective outer edges of the two rectangular alu 
minum laminated films are allowed to adhere to each other by 
means of fusion or with an adhesive such that the polyethyl 
ene film is disposed opposing to the wound electrode body 30. 
A contact film 41 is inserted between the exterior member 40 
and each of the positive electrode lead 31 and the negative 
electrode lead 32 for the purpose of preventing invasion of the 
outside air. This contact film 41 is constituted of a material 
having adhesion to the positive electrode lead 31 and the 
negative electrode lead 32. Examples of such a material 
include polyolefin resins such as polyethylene, polypropy 
lene, modified polyethylene and modified polypropylene. 
The exterior member 40 may be constituted of a laminated 

film having other structure, or a polymer film Such as polypro 
pylene or a metal film in place of the foregoing aluminum 
laminated film having a three-layered structure. 

FIG. 8 shows a sectional configuration along a VIII-VIII 
line of the wound electrode body 30 shown in FIG. 7. FIG.9 
is a sectional view showing enlargedly a part of the FIG. 8. 
This wound electrode body 30 is one prepared by laminating 
a positive electrode 33 and a negative electrode 34 via a 
separator 35 and an electrolyte 36 and winding the laminate, 
and an outermost peripheral part thereof is protected by a 
protective tape 37. 
The positive electrode 33 is one in which a positive elec 

trode active material layer 33B is provided on the both sur 
faces of a positive electrode collector 33A. The negative 
electrode 34 is one in which a negative electrode active mate 
rial layer 34B is provided on the both surfaces of a negative 
electrode collector 34A, and the negative electrode active 
material layer 34B is disposed opposing to the positive elec 
trode active material layer 33B. The configuration of each of 
the positive electrode collector 33A, the positive electrode 
active material layer 33B, the negative electrode collector 
34A, the negative electrode active material layer 34B and the 
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separator 35 is the same as the configuration of each of the 
positive electrode collector 21A, the positive electrode active 
material layer 21B, the negative electrode collector 22A, the 
negative electrode active material layer 22B and the separator 
23 in the foregoing first or second secondary battery. 
The electrolyte 36 is an electrolyte in a so-called gel form, 

which contains the foregoing electrolytic solution and a poly 
mer compound for holding this electrolytic Solution therein. 
The electrolyte in a gel form is preferable because not only 
high ionic conductivity (for example, 1 mS/cm or more at 
room temperature) is obtained, but the liquid leakage is pre 
vented. 

Examples of the polymer compound include polyacryloni 
trile, polyvinylidene fluoride, a copolymer of polyvinylidene 
fluoride and polyhexafluoropropylene, polytetrafluoroethyl 
ene, polyhexafluoropropylene, polyethylene oxide, polypro 
pylene oxide, polyphosphaZene, polysiloxane, polyvinyl 
acetate, polyvinyl alcohol, polymethyl methacrylate, poly 
acrylic acid, polymethacrylic acid, styrene-butadiene rub 
bers, nitrile-butadiene rubbers, polystyrene and polycarbon 
ates. These compounds may be used singly or in admixture of 
plural kinds thereof. Of these, polyacrylonitrile, polyvi 
nylidene fluoride, polyhexafluoropropylene and polyethyl 
ene oxide are preferably used from the standpoint of electro 
chemical stability. Though the addition amount of the 
polymer compound in the electrolytic solution varies depend 
ing upon the affinity therebetween, it is preferably 5% by 
mass or more and not more than 50% by mass. 
A composition of the electrolytic Solution is the same as the 

composition of the electrolytic Solution in the foregoing first 
secondary battery. However, in that case, the Solvent as 
referred to herein has a broad concept including not only a 
liquid solvent but a solvent with ionic conductivity such that 
it is able to dissociate the electrolyte salt. Accordingly, in the 
case of using a polymer compound with ionic conductivity, 
the instant polymer compound is also included in the solvent. 

In place of the electrolyte 36 in a gel form, in which an 
electrolytic solution is held in a polymer compound, the elec 
trolytic Solution may be used as it is. In that case, the electro 
lytic solution is impregnated in the separator 35. 

This secondary battery is, for example, manufactured by 
the following three kinds of manufacturing methods. 

In a first manufacturing method, first of all, for example, 
not only the positive electrode active material layer 33B is 
formed on the both surfaces of the positive electrode collector 
33A to form the positive electrode 33, but the negative elec 
trode active material layer 34B is formed on the both surfaces 
of the negative electrode collector 34A to form the negative 
electrode 34 according to the same procedures as in the manu 
facturing method of the first secondary battery. 

Subsequently, a precursor Solution containing an electro 
lytic solution, a polymer compound and a solvent is prepared 
and coated on each of the positive electrode 33 and the nega 
tive electrode 34, and the solvent is then vaporized to form the 
electrolyte 36 in a gel form. Subsequently, the positive elec 
trode lead 31 is installed in the positive electrode collector 
33A, and the negative electrode lead 32 is also installed in the 
negative electrode collector 34A. Subsequently, the positive 
electrode 33 and the negative electrode 34 each provided with 
the electrolyte 36 are laminated via the separator 35, the 
laminate is then wound in a longitudinal direction thereof, 
and the protective tape 37 is allowed to adhere to the outer 
most peripheral part to form the wound electrode body 30. 
Finally, for example, the wound electrode body 30 is inter 
posed between the two exterior members 40 in a film form, 
and the outer edges of the exterior members 40 are allowed to 
adhere to each other by means of heat fusion, etc., thereby 
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sealing the wound electrode body 30. On that occasion, the 
contact film 41 is inserted between each of the positive elec 
trode lead 31 and the negative electrode lead 32 and the 
exterior member 40. According to this, the secondary battery 
shown in FIGS. 7 and 8 is completed. 

In a second manufacturing method, first of all, the positive 
electrode lead 31 is installed in the positive electrode 33, and 
the negative electrode lead 32 is also installed in the negative 
electrode 34; the positive electrode 33 and the negative elec 
trode 34 are then laminated via the separator 35 and wound; 
and the protective tape 37 is allowed to adhere to the outer 
most peripheral part, thereby forming a wound body serving 
as a precursor of the wound electrode body 30. Subsequently, 
the wound body is interposed between the two exterior mem 
bers 40 in a film form, and the outer edges exclusive of one 
side are allowed to adhere to each other by means of heat 
fusion, etc. and then the wound body is housed in the inside of 
the exterior member 40 in a bag form. Subsequently, a com 
position for electrolyte containing an electrolytic solution, a 
monomer as a raw material of the polymer compound, a 
polymerization initiator and optionally other materials such 
as a polymerization inhibitor is prepared and injected into the 
inside of the exterior member 40 in a bag form. Thereafter, an 
opening of the exterior member 40 is hermetically sealed by 
means of heat fusion, etc. Finally, the monomer is heat poly 
merized to form a polymer compound, thereby forming the 
electrolyte 36 in a gel form. There is thus completed the 
secondary battery. 

In a third manufacturing method, first of all, a wound body 
is formed in the same manner as in the foregoing second 
manufacturing method, except for using the separator 35 
having a polymer compound coated on the both Surfaces 
thereof, and then housed in the inside of the exterior member 
40 in a bag form. Examples of the polymer compound which 
is coated on this separator 35 include polymers composed of 
as a component, vinylidene fluoride, namely a homopolymer, 
a copolymer or a multi-component copolymer. Specific 
examples thereof include polyvinylidene fluoride; a two 
component based copolymer composed of, as components, 
vinylidene fluoride and hexafluoropropylene; and a three 
component based copolymer composed of, as components, 
vinylidene fluoride, hexafluoropropylene and chlorotrifluo 
roethylene. The polymer compound may contain one or two 
or more kinds of other polymer compounds together with the 
foregoing polymer composed of as a component, vinylidene 
fluoride. Subsequently, an electrolytic Solution is prepared 
and injected into the inside of the exterior member 40, and an 
opening of the exterior member 40 is then hermetically sealed 
by means of heat fusion, etc. Finally, the separator 35 is 
brought into intimate contact with the positive electrode 33 
and the negative electrode 34 via the polymer compound 
upon heating while adding a weight to the exterior member 
40. According to this, the electrolytic solution is impregnated 
in the polymer compound, and the polymer compound is 
gelled to form the electrolyte 36. There is thus completed the 
secondary battery. 

In this third manufacturing method, expansion of the sec 
ondary battery is Suppressed as compared with the first manu 
facturing method. Also, in the third manufacturing method, 
the monomeras a raw material of the polymer compound, the 
solvent and the like do not substantially remain in the elec 
trolyte 36 as compared with the second manufacturing 
method, and the forming step of a polymer compound is 
controlled well. Accordingly, sufficient adhesion between 
each of the positive electrode 33 and the negative electrode 34 
and each of the separator 35 and the electrolyte 36 is obtained. 
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According to this secondary battery of a laminated film 

type, since it is provided with the foregoing electrolytic solu 
tion, the cycle characteristics can be enhanced. Other effects 
than those described above regarding this secondary battery 
are the same as those in the first or second secondary battery. 

(Fourth Secondary Battery) 
FIG. 10 shows a sectional configuration of a fourth sec 

ondary battery. This fourth secondary battery is one obtained 
by sticking a positive electrode 51 to an exterior can 54, 
housing a negative electrode 52 in an exterior cup 55, lami 
nating them via a separator 53 having an electrolytic Solution 
impregnated therein and then caulking the laminate via a 
gasket 56. Abattery structure using the exterior can 54 and the 
exterior cup 55 is called a so-called coin type. 
The positive electrode 51 is one in which a positive elec 

trode active material layer 51B is provided on one surface of 
a positive electrode collector 51A. The negative electrode 52 
is one in which a negative electrode active material layer 52B 
is provided on one Surface of a negative electrode collector 
52A. The configuration of each of the positive electrode col 
lector 51A, the positive electrode active material layer 51B, 
the negative electrode collector 52A, the negative electrode 
active material layer 52B and the separator 53 is the same as 
the configuration of each of the positive electrode collector 
21A, the positive electrode active material layer 21B, the 
negative electrode collector 22A, the negative electrode 
active material layer 22B and the separator 23 in the foregoing 
first or second secondary battery. The composition of the 
electrolytic solution impregnated in the separator 53 is also 
the same as the composition of the electrolytic solution in the 
first or second secondary battery. 
The action and effects of this secondary battery of a coin 

type are the same as in the foregoing first or second secondary 
battery. 

EXAMPLES 

Specific working examples of the present application are 
described below in detail, but it should not be construed that 
the present invention is limited thereto. 

Sulfonic anhydrides and aromatic compounds used in the 
following Examples and the like are as follows. 

In the Sulfonic anhydrides, Compound A is Compound (1) 
of the foregoing sulfonic anhydride (1); Compound B is Com 
pound (2) of the foregoing Sulfonic anhydride (1); Compound 
C is Compound (1) of the foregoing sulfonic anhydride (3): 
Compound D is Compound (1) of the foregoing Sulfonic 
anhydride (4); Compound E is Compound (1) of the forego 
ing Sulfonic anhydride (2); and Compound F is succinic anhy 
dride. 

In the aromatic compound, CHB is cyclohexylbenzene: 
tBB is tert-butylbenzene; thB is tert-pentylbenzene; and DFA 
is 2,4-difluoroanisole. Structural formulae thereof are as fol 
lows. 

()-() 
CHB 

() { 
tBB 

Chemical Formula (27) 
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-continued 

Examples 1-1 to 1-20 and Comparative Examples 
1-1 to 1-13 

First of all, the positive electrode 21 was prepared. That is, 
lithium carbonate (Li-CO) and cobalt carbonate (CoCO) 
were mixed in a molar ratio of 0.5/1 and thenbaked in air at 
900° C. for 5 hours to obtain a lithium cobalt complex oxide 
(LiCoO). Subsequently, 91 parts by mass of the lithium 
cobalt complex oxide as a positive electrode active material, 
6 parts by mass of graphite as a conductive agent and 3 parts 
by mass of polyvinylidene fluoride as a binder were mixed to 
form a positive electrode mixture, which was then dispersed 
in N-methyl-2-pyrrolidone to prepare a positive electrode 
mixture slurry in a paste form. Finally, the positive electrode 
mixture slurry was coated on the both surfaces of the positive 
electrode collector 21A made of a strip-shaped aluminum foil 
(thickness: 12 um), dried and then Subjected to compression 
molding by a roll press, thereby forming the positive elec 
trode active material layer 21B. Thereafter, the positive elec 
trode lead 25 made of aluminum was installed in one end of 
the positive electrode collector 21A by means of welding. 

Also, in preparing the negative electrode 22, 97 parts by 
mass of an artificial graphite powder as a negative electrode 
active material and 3 parts by mass of polyvinylidene fluoride 
as a binder were mixed to form a negative electrode mixture, 
which was then dispersed in N-methyl-2-pyrrolidone. The 
negative electrode mixture was coated on the both surfaces of 
the negative electrode collector 22A made of a strip-shaped 
copper foil (thickness: 15 um), dried and then subjected to 
compression molding, thereby forming the negative electrode 
active material layer 22B. Thereafter, the negative electrode 
lead 26 made of nickel was installed in one end of the negative 
electrode collector 22A. Subsequently, the positive electrode 
21, the separator 23 made of a microporous polypropylene 
film (thickness: 25 um) and the negative electrode 22 were 

Example 1-1 
Example 1-2 
Example 1-3 
Example 1-4 
Example 1-5 
Example 1-6 
Example 1-7 
Example 1-8 
Example 1-9 
Example 1-10 
Example 1-11 
Example 1-12 
Example 1-13 
Example 1-14 
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laminated in this order and then spirally wound many times, 
and a winding end portion was fixed by an adhesive tape to 
form the wound electrode body 20. Subsequently, the battery 
can 11 made of nickel-plated iron was prepared; the wound 
electrode body 20 was interposed between a pair of the insu 
lating plates 12 and 13; not only the negative electrode lead 26 
was welded with the battery can 11, but the positive electrode 
lead 25 was welded with the safety valve mechanism 15; and 
the resulting wound electrode body 20 was housed in the 
inside of the battery can 11. Subsequently, an electrolytic 
solution was injected into the inside of the battery can 11 in a 
pressure reduction system. 

For the electrolytic solution, one prepared by preparing a 
mixed solution of ethylene carbonate (EC) and dimethyl car 
bonate (DMC) (3/7) and dissolving 1.2 moles/kg of LiPF 
therein was used in Comparative Example 1-1; or ones pre 
pared by dissolving 1% by mass of the sulfonic anhydride 
and/or 1% by mass of the aromatic compound as shown in 
Table 1 in the electrolytic solution of Comparative Example 
1-1 were used. Also, each of the Solutions was thoroughly 
dried by Molecular Sieves, thereby obtaining an electrolytic 
solution having a prescribed content of water (20 ppm). The 
content of water was measured by a Karl-Fischer aquacounter 
(manufactured by Hiranuma Sangyo Co., Ltd.). 

In examining high-temperature storage characteristics, 
each of the batteries was first subjected to charge and dis 
charge with 2 cycles in an atmosphere at 23° C., thereby 
measuring a discharge capacity before the storage. Subse 
quently, the battery was again charged and stored in this state 
in a thermostat at 80° C. for 10 days; and thereafter, it was 
discharged in an atmosphere at 23°C., thereby measuring a 
discharge capacity after the storage. Finally, (discharge 
capacity retention rate after high-temperature storage) (dis 
charge capacity after the storage)/(discharge capacity before 
the storage)x100 was calculated. With respect to the charge 
and discharge condition, the battery was Subjected to con 
stant-current constant-Voltage charge with a current of 0.2C 
until the voltage reached an upper limit of 4.2 V and then 
Subjected to constant-current discharge with a current of 0.2 
C until the voltage reached a final voltage of 2.7V. The term 
“0.2 Cas referred to herein means a current value at which a 
theoretical capacity is completely discharged within 5 hours. 

Referential Examples 1-1 to 1-3 

Batteries were prepared in the same manner as in Examples 
1-6 to 1-8, except for changing the content of water to 1,000 
ppm and then evaluated in the same manner. 
The results are shown in Table 1. 

TABLE 1 

Sulfonic Aromatic Content Discharge capacity retention rate 
anhydride compound of water after high-temperature storage 
(1% by mass) (1% by mass) (ppm) (%) 

Compound A CHB 2O 92 
Compound A tEB 2O 93 
Compound A tBB 2O 93 
Compound A DFA 2O 93 
Compound B CHB 2O 94 
Compound B tE3B 2O 95 
Compound B tRB 2O 95 
Compound B DFA 2O 94 
Compound C CHB 2O 93 
Compound C tEB 2O 94 
Compound C tRB 2O 94 
Compound C DFA 2O 93 
Compound D CHB 2O 91 
Compound D tEB 2O 92 
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TABLE 1-continued 

Sulfonic Aromatic Content Discharge capacity retention rate 
anhydride compound of water after high-temperature storage 
(1% by mass) (1% by mass) (ppm) (%) 

Example 1-15 Compound D tFB 2O 92 
Example 1-16 Compound D DFA 2O 92 
Example 1-17 Compound E CHB 2O 85 
Example 1-18 Compound E tEB 2O 86 
Example 1-19 Compound E tFB 2O 86 
Example 1-20 Compound E DFA 2O 86 
Comparative Example 1-1 No No 2O 8O 
Comparative Example 1-2 Compound A No 2O 81 
Comparative Example 1-3 Compound B No 2O 82 
Comparative Example 1-4 Compound C No 2O 81 
Comparative Example 1-5 Compound D No 2O 81 
Comparative Example 1-6 Compound E No 2O 8O 
Comparative Example 1-7 No CHB 2O 79 
Comparative Example 1-8 No tBB 2O 8O 
Comparative Example 1-9 No tPB 2O 8O 
Comparative Example 1-10 No DFA 2O 81 
Comparative Example 1-11 Compound F CHB 2O 81 
Comparative Example 1-12 Compound F tFB 2O 82 
Comparative Example 1-13 Compound F DFA 2O 81 
Referential Example 1-1 Compound B CHB 1OOO 82 
Referential Example 1-2 Compound B tPB 1OOO 83 
Referential Example 1-3 Compound B DFA 1OOO 83 

Examples 2-1 to 2-32 

Respective batteries were prepared in the same manner, 
except for using tPB as the aromatic compound and changing 
the sulfonic anhydride and the content of water as shown 

e 2-1 
e 2-2 
e 2-3 
e 2-4 
e 2-5 
e 2-6 
e 2-7 
e 2-8 
e 2-9 
e 2-10 
e 2-11 
e 2-12 
e 2-13 
e 2-14 
e 2-15 
e 2-16 
e 2-17 
e 2-18 
e 2-19 
e 2-20 
e 2-21 
e 2-22 
e 2-23 
e 2-24 
e 2-25 
e 2-26 
e 2-27 
e 2-28 
e 2-29 
e 2-30 

Example 2-31 
Example 2-32 
Comparative Example 1-1 
Comparative Example 1-3 
Comparative Example 1-4 
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in Table 2 and then evaluated in the same manner. The re 
sults are shown in Table 2. The foregoing Comparative 
Examples are also shown. Also, Example 2-7 and Example 
2-23 are identical with Example 1-7 and Example 1-11, 
respectively. 

TABLE 2 

Aromatic 
Sulfonic anhydride compound 

Kind 

Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 
No 
Com 
Com 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll 

Oll p 

(% by mass) (% by mass) 

5 
O.O 
O. 

N 
N O 

Content of 
Water 

(ppm) 

100 
100 
100 
100 
2O 
2O 
2O 
2O 
10 
10 
10 
10 

Discharge capacity 
retention rate after 
high-temperature 

storage 

(%) 

85 
89 
92 
89 
87 
92 
95 
90 
89 
95 
96 
92 
90 
95 
96 
92 
84 
88 
91 
87 
86 
91 
94 
88 
88 
93 
95 
90 
89 
94 
95 
91 
8O 
82 
81 
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TABLE 2-continued 

Aromatic 
Sulfonic anhydride compound 

Kind (% by mass) (% by mass) 

Comparative Example 1-9 No tPB 
Comparative Example 1-12 Compound F 1 tPB 
Referential Example 1-2 Compound B 1 tPB 

It is noted from Table 2 that the content of the sulfonic 
anhydride and the content of water are preferably from 0.1 to 
1% by mass and not more than 20 ppm, respectively. 

Examples 3-1 to 3-20, Comparative Examples 3-1 to 
3-12 and Referential Examples 3-1 to 3-3 

Secondary batteries of Examples 3-1 to 3-20. Comparative 
Examples 3-1 to 3-12 and Referential Examples 3-1 to 3-3 

e 3-1 
e 3-2 
e 3-3 
e 3-4 
e 3-5 

e 3-7 
e 3-8 
e 3-9 
e 3-10 
e 3-11 
e 3-12 
e 3-13 
e3-14 
e 3-15 
e 3-16 
e 3-17 
e 3-18 
e3-19 

Example 3-20 
Comparative Example 3-1 
Comparative Example 3-2 
Comparative Example 3-3 
Comparative Example 3-4 
Comparative Example 3-5 
Comparative Example 3-6 
Comparative Example 3-7 
Comparative Example 3-8 
Comparative Example 3-9 
Comparative Example 3-10 
Comparative Example 3-11 
Comparative Example 3-12 
Referential Example 3-1 
Referential Example 3-2 
Referential Example 3-3 

Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 
Exam 

were prepared according to Table 3 in the same manner as in 
Example 2-1, except for using a negative electrode which was 
prepared in the manner described below by using silicon as a 
negative electrode active material. 
The negative electrode 22 was prepared by forming the 

negative electrode active material layer 22B made of silicon 
on the both surfaces of the negative electrode collector 22A 
made of a copper foil (thickness: 15um) by an electronbeam 
vapor deposition method. Thereafter, the negative electrode 

70 

Discharge capacity 
retention rate after 

Content of high-temperature 
Water storage 

(ppm) (%) 

2O 8O 
2O 82 

1OOO 83 

lead 26 made of nickel was installed in one end of the negative 
electrode collector 22A. 

15 For the electrolytic Solution, one prepared by using a mix 
ture of PC, 4-fluoro-1,3-dioxolan-2-one (FEC) and DEC (20/ 
10/70) as a solvent, dissolving 1.2 moles/kg of LiPF therein 
and further dissolving 1% by mass of the sulfonic anhydride 
and 1% by mass of the aromatic compound therein was used. 

2. The obtained batteries were evaluated in the same manner. 
The results are shown in Table 3. 

TABLE 3 

Sulfonic Aromatic Content Discharge capacity retention rate 
anhydride compound of water after high-temperature storage 
(1% by mass) (1% by mass) (ppm) (%) 

Compound A CHB 2O 86 
Compound A BB 2O 87 
Compound A PB 2O 87 
Compound A DFA 2O 87 
Compound B CHB 2O 88 
Compound B BB 2O 89 
Compound B PB 2O 89 
Compound B DFA 2O 89 
Compound C CHB 2O 88 
Compound C BB 2O 88 
Compound C PB 2O 88 
Compound C DFA 2O 88 
Compound D CHB 2O 85 
Compound D BB 2O 86 
Compound D PB 2O 86 
Compound D DFA 2O 86 
Compound E CHB 2O 83 
Compound E BB 2O 84 
Compound E PB 2O 84 
Compound E DFA 2O 84 
No No 2O 70 
Compound A No 2O 73 
Compound B No 2O 73 
Compound C No 2O 72 
Compound D No 2O 71 
Compound E No 2O 70 
No CHB 2O 71 
No tPB 2O 72 
No DFA 2O 73 
Compound F CHB 2O 72 
Compound F tPB 2O 73 
Compound F DFA 2O 72 
Compound B CHB 1OOO 74 
Compound B tPB 1OOO 75 
Compound B DFA 1OOO 74 

It is noted from Table 3 that the characteristics of the 
battery having the foregoing negative electrode were 

60 enhanced by using the specified Sulfonic anhydride and aro 
matic compound and using the electrolytic solution having a 
regulated content of water. 

Examples 4-1 to 4-32 
65 

Respective batteries were prepared in the same manner as 
that described above, except for using the same negative 
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electrode as in Example 3-1 and using thB as the aromatic 
compound and changing the addition amount of each of the 
sulfonic anhydride Compound B or Compound C and the 
content of water as shown in Table 4 and thenevaluated in the 
same manner. The results are shown in Table 4. The foregoing 
Comparative Examples are also shown. Also, Example 4-7 
and Example 4-23 are identical with Example 3-7 and 
Example 3-11, respectively. 

TABLE 4 

Aromatic 
Sulfonic anhydride compound 

Kind (% by mass) (% by mass) 

Example 4-1 Compound B O.O PB 
Example 4-2 Compound B O. PB 
Example 4-3 Compound B PB 
Example 4-4 Compound B 5 PB 
Example 4-5 Compound B O.O PB 
Example 4-6 Compound B O PB 
Example 4-7 Compound B PB 
Example 4-8 Compound B 5 PB 
Example 4-9 Compound B O.O PB 
Example 4-10 Compound B O PB 
Example 4-11 Compound B PB 
Example 4-12 Compound B 5 PB 
Example 4-13 Compound B O.O PB 
Example 4-14 Compound B O PB 
Example 4-15 Compound B PB 
Example 4-16 Compound B 5 PB 
Example 4-17 Compound C O.O PB 
Example 4-18 Compound C O PB 
Example 4-19 Compound C PB 
Example 4-20 Compound C 5 PB 
Example 4-21 Compound C O.O PB 
Example 4-22 Compound C O PB 
Example 4-23 Compound C PB 
Example 4-24 Compound C 5 PB 
Example 4-25 Compound C O.O PB 
Example 4-26 Compound C O PB 
Example 4-27 Compound C PB 
Example 4-28 Compound C 5 PB 
Example 4-29 Compound C O.O PB 
Example 4-30 Compound C O PB 
Example 4-31 Compound C PB 
Example 4-32 Compound C 5 PB 

Comparative Example 3-1 No No 
Comparative Example 3-3 Compound B No 
Comparative Example 3-4 Compound C No 
Comparative Example 3-8 No PB 
Comparative Example 3-11 Compound F PB 
Referential Example 3-1 Compound B PB 

It is noted from Table 4 that even in the batteries using 
silicon as the negative electrode, the content of the Sulfonic 
anhydride and the content of water are preferably from 0.1 to 
1% by mass and not more than 20 ppm, respectively. 

Examples 5-1 to 5-20, Comparative Examples 5-1 to 
5-13 and Referential Examples 5-1 to 5-3 

Respective secondary batteries of the titled Examples were 
prepared according to Table 5 in the same manner as in 
Example 1-1, except for preparing a negative electrode in the 
manner described below. In preparing the negative electrode, 
first of all, a tin cobalt indium titanium alloy powder and a 
carbon powder were mixed, and the mixture was Subjected to 
a mechanochemical reaction to synthesize an SnCoC-con 

72 
taining material. As a result of the analysis of a composition 
of this SnCoC-containing material, the content of tin was 
48% by mass, the content of cobalt was 23% by mass, the 
content of carbon was 20% by mass, and a proportion Co/ 
(Sn+Co) of cobalt to the total sum of tin and cobalt was 32% 
by mass. 

Subsequently, 80 parts by mass of the foregoing SnCoC 
containing material powder as a negative electrode active 

Discharge capacity 
retention rate after 

Content of high-temperature 
Water storage 

(ppm) (%) 

1OO 78 
1OO 85 
1OO 87 
1OO 83 
2O 79 
2O 88 
2O 89 
2O 84 
10 8O 
10 90 
10 91 
10 85 

82 
91 
92 
86 

1OO 77 
1OO 84 
1OO 85 
1OO 8O 
2O 78 
2O 86 
2O 88 
2O 81 
10 79 
10 88 
10 89 
10 82 

8O 
89 
90 
82 

2O 70 
2O 73 
2O 72 
2O 72 
2O 73 

1OOO 75 
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material, 12 parts by mass of graphite as a conductive agent 
and 8 parts by mass of polyvinylidene fluoride as a binder 
were mixed, and the mixture was dissolved in N-methyl-2- 
pyrrolidone as a solvent. Finally, the Solution was coated on a 
negative electrode collector made of a copper foil (thickness: 
15um), dried and then Subjected to compression molding to 
form a negative electrode active material layer. 

For the electrolytic solution, one prepared by using a mixed 
solution of EC and DMC (3/7), dissolving 1.2 moles/kg of 
LiPF therein and further dissolving 1% by mass of a sulfonic 
anhydride and 1% by mass of an aromatic compound therein 
was used. Also, the solution was thoroughly dried by Molecu 
lar Sieves, thereby obtaining an electrolytic solution having a 
prescribed content of water (20 ppm). 
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TABLE 5 

Sulfonic Aromatic Content Discharge capacity retention rate 
anhydride compound of water after high-temperature storage 
(1% by mass) (1% by mass) (ppm) (%) 

Example 5-1 Compound A CHB 2O 86 
Example 5-2 Compound A BB 2O 88 
Example 5-3 Compound A PB 2O 88 
Example 5-4 Compound A DFA 2O 88 
Example 5-5 Compound B CHB 2O 90 
Example 5-6 Compound B BB 2O 91 
Example 5-7 Compound B PB 2O 91 
Example 5-8 Compound B DFA 2O 90 
Example 5-9 Compound C CHB 2O 88 
Example 5-10 Compound C BB 2O 89 
Example 5-11 Compound C PB 2O 89 
Example 5-12 Compound C DFA 2O 89 
Example 5-13 Compound D CHB 2O 84 
Example 5-14 Compound D BB 2O 85 
Example 5-15 Compound D PB 2O 85 
Example 5-16 Compound D DFA 2O 85 
Example 5-17 Compound E CHB 2O 81 
Example 5-18 Compound E BB 2O 82 
Example 5-19 Compound E PB 2O 82 
Example 5-20 Compound E DFA 2O 82 
Comparative Example 5-1 No No 2O 72 
Comparative Example 5-2 Compound A No 2O 75 
Comparative Example 5-3 Compound B No 2O 75 
Comparative Example 5-4 Compound C No 2O 73 
Comparative Example 5-5 Compound D No 2O 72 
Comparative Example 5-6 Compound E No 2O 72 
Comparative Example 5-7 No CHB 2O 71 
Comparative Example 5-8 No tBB 2O 72 
Comparative Example 5-9 No tPB 2O 72 
Comparative Example 5-10 No DFA 2O 73 
Comparative Example 5-11 Compound F CHB 2O 76 
Comparative Example 5-12 Compound F tFB 2O 77 
Comparative Example 5-13 Compound F DFA 2O 76 
Referential Example 5-1 Compound B CHB 1OOO 77 
Referential Example 5-2 Compound B tPB 1OOO 78 
Referential Example 5-3 Compound B DFA 1OOO 78 

It is noted from Table 5 that the characteristics of the 
battery having the foregoing SnCoC-containing negative -continued 
electrode were enhanced by using the specified Sulfonic 

: 40 Chemical Formula (8) anhydride and aromatic compound and using the electrolytic 
Solution having a regulated content of water. Os Ca 

It should be understood that various changes and modifi- o2 “No O 
cations to the presently preferred embodiments described 
herein will be apparent to those skilled in the art. Such 45 
changes and modifications can be made without departing an aromatic compound in an amount of from 0.01 to 2% by 
from the spirit and Scope and without diminishing its intended mass relative to the nonaqueous electrolyte and selected 
advantages. It is therefore intended that such changes and from the group consisting of tert-butylbenzene, tert-pen 
modifications be covered by the appended claims. tylbenzene and 2,4-difluoroanisole; and 

50 

The application is claimed as follows: 
1. A nonaqueous electrolyte consisting of 
a solvent; 
an electrolyte salt; 
at least one sulfonic anhydride in an amount of from 0.01 to 
5% by mass relative to the nonaqueous electrolyte, theat 
least one Sulfonic anhydride selected from the group 
consisting of compounds represented by the chemical 
formulae (7) and (8) 

r 
Chemical Formula (7) 

O O 

O O 
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60 
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a content of water not more than 100 ppm. 
2. The nonaqueous electrolyte of claim 1, wherein the 

aromatic compound is in an amount of from 0.01 to 1% by 
mass relative to the nonaqueous electrolyte. 

3. A battery comprising: 
a positive electrode: 
a negative electrode; 
a nonaqueous electrolyte; and 
a separator, wherein 
the nonaqueous electrolyte consists of a solvent, an elec 

trolyte salt, at least one sulfonic anhydride in an amount 
of from 0.01 to 5% by mass relative to the nonaqueous 
electrolyte, the at least one sulfonic anhydride selected 
from the group consisting of compounds represented by 
the following chemical formulae (7) and (8) 



US 9,209,480 B2 
75 

Chemical Formula (7) 

?h S. $3 ano-1's 
Chemical Formula (8) 

'ss 2 o? No, O, 

an aromatic compound in an amount of from 0.01 to 2% by 
mass relative to the nonaqueous electrolyte and selected from 
the group consisting of tert-butylbenzene, tert-pentylbenzene 
and 2,4-difluoroanisole, and a content of water not more than 
100 ppm. 

4. The battery according to claim 3, wherein 
the sulfonic anhydride is the compound represented by the 

chemical formula (7). 
5. The battery according to claim 3, wherein 
the sulfonic anhydride is the compound represented by the 

chemical formula (8). 
6. The battery according to claim3, wherein the electrolyte 

salt is selected from the group consisting of lithium hexafluo 

10 

15 

76 
rophosphate (LiPF), lithium tetrafluoroborate (LiBF), 
lithium perchlorate (LiCIO), lithium hexafluoroarsenate (Li 
ASF), and combinations thereof. 

7. The battery according to claim3, wherein the solvent is 
selected from the group consisting of ethylene carbonate, 
propylene carbonate, dimethyl carbonate, diethyl carbonate, 
ethylmethyl carbonate, and combinations thereof. 

8. The battery according to claim 3, wherein the negative 
electrode comprises an oxide-containing film coating a Sur 
face of the negative electrode active material layer. 

9. The battery according to claim 3, wherein the aromatic 
compound is selected from the group consisting of tert-bu 
tylbenzene and tert-pentylbenzene. 

10. The battery according to claim3, wherein the content of 
water in the nonaqueous electrolyte is not more than 20 ppm. 

11. The battery according to claim 3, wherein the negative 
electrode comprises a negative electrode active material layer 
including artificial graphite. 

12. The battery according to claim3, wherein the aromatic 
compound is in an amount of from 0.01 to 1% by mass 
relative to the nonaqueous electrolyte. 

k k k k k 


